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RESUMEN 
Actualmente, es muy habitual adquirir máquinas automatizadas con las que se gana en tiempo y 
eficiencia de producción, o en su defecto, dado que en muchas ocasiones esto puede suponer una 
gran inversión para la empresa, se tiende también a aprovechar la maquinaria de la que se dispone, 
pero que, debido sobre todo a los avances tecnológicos, muchas veces queda obsoleta y requiere 
una modificación. 
Un buen ejemplo de esta situación ocurre con las carretillas elevadoras. Los modelos más nuevos 
funcionan de una manera automática o semiautomática. Por esa razón, éste proyecto aborda la 
completa automatización de un modelo de carretilla antiguo, y equiparla con los dispositivos 
necesarios para llevar a cabo la implementación del control automático. 
A la hora de realizar el control de una carretilla elevadora, es necesario tener en cuenta las 
características del modelo a automatizar, como son: 
 Número de ruedas 
 Tipo de motores 
 Potencia del motor o motores 
 Medidas principales 
 Tipo de mástil 
Posteriormente se realiza un estudio de los tipos de sensores disponibles en el mercado, ya que es 
necesario tener un buen control en todo momento de la posición y velocidad del vehículo. Se 
requiere que el microcontrolador utilizado reciba datos fiables de, como mínimo: 
 Velocidad 
 Posición con respecto a la trayectoria 
 Posición de la rueda o ruedas directrices 
 Altura e inclinación del mástil y orientación en el caso de que se pueda desplazar o girar 
con respecto a la cabina. 
Hay que tener también en cuenta qué tipo de microcontrolador es apto para procesar los datos 
recibidos de los sensores y emitir las consignas necesarias para manejar los actuadores necesarios 
que se encarguen del control, como pueden ser el giro del volante, el cambio del sentido de la 
marcha, el posicionamiento del mástil o la aceleración o desaceleración. 
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1. OBJETO Y ALCANCE 
El objeto del Trabajo Fin de Máster será el diseño del sistema de control para una carretilla 
elevadora. Como objetivo la carretilla deberá recoger y/o depositar una carga en el lugar deseado. 
Una de las opciones para el guiado es el marcado de las trayectorias mediante líneas en el suelo. 
El desarrollo del diseño se basa en una carretilla elevadora comercial, modelo CLARK TM15, con 
sistema de tracción basado en  dos motores de CC. 
En el mencionado Trabajo, se diseñarán las modificaciones necesarias, de la parte mecánica y 
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2. DESCRIPCIÓN GENERAL 
Las carretillas elevadoras son vehículos autopropulsados, que pueden ir contrapesadas o no en la 
parte posterior, utilizados para apilar cargas colocadas sobre palés normalizados. Hay varios tipos 
de carretillas según el motor de tracción que las mueve. 
Motor diésel 
Motor eléctrico (CC o CA trifásica) 
Motor de combustión interna accionado por GNC (Gas Natural Comprimido) 
Motor de combustión interna accionado por GLP (Gas Licuado de Petróleo) 
Los mástiles se pueden clasificar en función del número de etapas y de la orientación. Según el 
número de etapas: 
Dúplex (dos etapas) 
Tríplex (tres etapas) 
Según la orientación: 
Frontal 
Trilateral (capaz de girar las horquillas 180º) 
Este Trabajo se centrará en la automatización de una carretilla eléctrica, para trabajar en interiores, 
donde el suelo estará bien asfaltado y completamente horizontal. 
La carretilla seguirá una línea marcada en el suelo, y mediante un lector de códigos de barras 
identificará la posición en la que se encuentra y distinguirá tanto los distintos pasillos del almacén 
como la estantería a la que se tiene que dirigir. 
Para poder llevarlo a cabo, se realizaran las modificaciones mecánicas y electrónicas pertinentes a 
una carretilla ya existente.  
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2.1. Descripción de la carretilla 
Se partirá de una carretilla eléctrica de CC. Este tipo de carretillas cuentan con uno o dos motores 
de tracción y una bomba hidráulica que se encargará de proporcionar la presión necesaria para 
elevación e inclinación del mástil y sistema de dirección.  
En la Ilustración 1 se puede observar un esquema de bloques funcionales con las partes que 














































Ilustración 1. Diagrama de bloques funcionales 
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2.2. Equilibrio y vuelco 
En el diseño de una carretilla, hay que tener en cuenta que al tratarse de maquinaria en movimiento, 
que maneja cargas pesadas a cierta altura, tiene peligro de vuelco. Por ello es necesario realizar 
los cálculos de vuelco inminente, tanto en equilibrio estático como dinámico, en el punto más 
crítico, el cual se encuentra en el punto más alto del mástil, y, en caso de que éste pueda trasladarse 
o rotar, en el punto más alejado de la base de la carretilla. 
Estando la carretilla con carga, se tienen tres centros de gravedad (c.d.g.), mostrados en la 
Ilustración 1: 
 G: c.d.g. de la carretilla en vacío  
 X: c.d.g. de la carga en las horquillas 
 M: c.d.g. del conjunto total (carretilla + carga) 
 
En una carretilla de cuatro ruedas, la superficie de apoyo está formada por los 4 puntos de contacto 
de las ruedas con el suelo, formando un trapecio o un rectángulo, en función del diseño. 
Para una carretilla de tres ruedas, ésta superficie forma un triángulo, delimitado por dichos puntos 
de contacto (según el esquema, los puntos A, B y C).  
Una carretilla de tres ruedas, tiende a ser por tanto, más inestable que de cuatro, por lo que se 
explica a continuación, el cálculo de equilibrio correspondiente. 
 
2.2.1. EQUILIBRIO ESTÁTICO 
El equilibrio estático mantiene el conjunto estable, estando la carretilla parada y la carga en el 
punto más alejado.  
En la Ilustración 1, se puede observar la base triangular formada por las tres ruedas y la 
localización de los tres c.d.g. anteriormente mencionados. 
El c.d.g. P, ha de estar situado en todo caso dentro del triángulo, ya que de lo contrario, la carretilla 
volcaría. Si sobrepasa el lado A-B, se produce un vuelco longitudinal, y si queda fuera de los lados 
A-C o B-C, se produce un vuelco lateral. 
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2.2.1.1. Vuelco longitudinal 
 
Ilustración 2. Equilibrio estático de una carretilla de tres ruedas con la carga centrada 
Según la Ilustración 2, la medida x, representa la distancia entre P y el punto de apoyo, que se 




𝑀 ∙ 𝑑2 − 𝐺 ∙ 𝑑1
𝑃
 (2.1) 
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2.2.1.1. Vuelco lateral 
Para evitar el vuelco lateral por cualquiera de los laterales, según se muestra en la Ilustración 4, 
no se debe sobrepasar con la carga en las horquillas la distancia y. 
 
Ilustración 4. Desplazamiento lateral de la carga 







2.2.2. EQUILIBRIO DINÁMICO 
El equilibrio dinámico es la suma de fuerzas que impide que el sistema vuelque durante las 
aceleraciones y frenadas o giros a excesivas velocidades. Es por tanto necesario, para evitar 
cualquier tipo de vuelco, transportar la carga a nivel de suelo y con el mástil inclinado.  
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2.2.2.1. Vuelco en la frenada 
 
Ilustración 5. Vista lateral para el equilibrio dinámico 
El cálculo de equilibrio dinámico se realiza mediante momentos de vuelco, tomando como centro 
de giro el punto de apoyo de la rueda delantera, de tal manera que la carretilla volcará hacia 
adelante siempre que: 
 𝑀 ∙ 𝑑3 ≥ 𝑃 ∙ 𝑥 (2.3) 
Siendo M la fuerza producida en la frenada, y P el peso del conjunto total. 
Es por ello, que el mástil en muchos casos puede inclinarse, para retrasar el c.d.g. del conjunto, 
como puede apreciarse en la siguiente imagen. 
Como puede observarse en la Ilustración 6, al inclinar el mástil hacia atrás: 
x’ > x 
z’ > z 
d2’ > d2 
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La inclinación más habitual de las carretillas comerciales está entre 6º y 8º. 
 
 
Ilustración 6. Desplazamiento del c.d.g. con la inclinación del mástil 
 
2.2.2.2. Vuelco durante el giro 
En caso de realizar un giro demasiado brusco, la carretilla es susceptible de vuelco lateral, debido 
a la fuerza centrípeta, según se describe en la Ilustración 7. En la misma puede observarse la 
relación entre el ángulo de giro de la rueda directriz y el radio de giro del c.d.g. del sistema 
completo. El centro de giro de la carretilla, el centro instantáneo de rotación (C.I.R.) se sitúa a lo 
largo del eje portante según el ángulo que se está girando la rueda directriz. Dado que la distancia 
entre ejes de la carretilla es una distancia fija (d), puede calcularse dicho radio de giro (R) según 
la ecuación: 
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Ilustración 7. C.I.R. de la carretilla durante un giro 
El vuelco en una curva se producirá siempre que se produzca el desequilibrio siguiente: 
 𝐹𝑐 ∙ 𝑧 > 𝑃 ∙ 𝑦 (2.5) 
Donde: 
 ‘𝐹𝑐’ es la fuerza centrípeta que empuja la carretilla hacia el exterior de la curva 
 ‘P’ es el c.d.g. del conjunto 
 ‘z’ es la altura desde el punto de apoyo en A (según la Ilustración 8) al c.d.g. P 
 ‘y’ es la distancia horizontal del punto A al punto P 
Combinando la desigualdad anterior con la Ecuación 2.4¡Error! No se encuentra el origen de la 
referencia., y dado que la fuerza centrípeta es 𝐹𝑐 = 𝑚 ∙ 𝑤
2 ∙ 𝑅, siendo ‘m’ la masa total del 
conjunto, ‘ω’ la velocidad angular y ‘R’ el radio de giro del C.I.R. al centro de la carretilla (punto 
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Ilustración 8. Diagrama de fuerzas del vuelco inminente 
Como puede apreciarse en la Ilustración 8, la carretilla volcaría sobre la línea que une el punto A 
de la rueda delantera y la trasera.  
 
2.3. Partes de una carretilla elevadora 
Las carretillas más modernas ofrecen tener el control completo en un mando electrónico, 
elevación, traslación y orientación del mástil.  
Las más antiguas son accionadas por medio de mecanismos de palancas y pedales, según se 
describe a continuación. 
2.3.1. SISTEMA DE CONTROL 
El control de una carretilla se realiza con una tarjeta electrónica o procesador, según el diseño y 
antigüedad, el cual, transmite las señales correspondientes que recibe del usuario (acelerador, 
claxon, luces…). 
El módulo en el que se encuentra dicha tarjeta electrónica consta de un variador que ofrece 
precisión, progresividad y ahorro de energía, mientras que el control por resistencias ofrece una 
respuesta rápida y potente en los momentos de arranque o cuando se utiliza la carretilla en 
situaciones límite. 
En las carretillas más modernas, el control se realiza con un mando electrónico, en que se incluyen 
la tracción, la dirección, elevación, inclinación y el resto de controles de la misma. En ese mando 
se incluye también el sistema de hombre muerto, de manera que el operario ha de estar accionando 
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Ilustración 9. Módulo de control para un vehículo industrial 
2.3.2. MÁSTIL 
2.3.2.1. Elevación 
La elevación se realiza con un mástil sencillo o telescópico, de dos o tres etapas, en función de la 
altura que es capaz de alcanzar. Están compuestos de perfiles metálicos soldados y un cilindro 
hidráulico. El vástago del mismo, con una rueda dentada en el extremo, engrana sobre una cadena, 
la cual está sujeta por un extremo al mástil y por el otro a las horquillas, de tal manera que cuando 
el vástago sale, hace que la horquilla se eleve. 







 P es la potencia de la bomba [C.V.] 
 V es la velocidad de elevación [m/s] 
 η es el rendimiento  
 Q es la carga a elevar [kg] 
2.3.2.1. Inclinación 
Para asegurar la carga durante el avance de la carretilla, el mástil se puede reclinar hacia atrás, 
retrayendo dos cilindros fijos al mismo, de tal manera que se desplaza el centro de gravedad de la 
misma, acercándose más a la carretilla y evitando el vuelco longitudinal. 
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Ilustración 10. Vuelco longitudinal de la carretilla 
 
2.3.2.2. Desplazamiento lateral 
Algunas carretillas permiten un desplazamiento lateral de las horquillas, de tal modo que se puede 
ajustar la posición donde se deposita la carga con mayor precisión, evitando realizar excesivas 
maniobras. 
2.3.2.3. Horquillas 
Es la parte que está en contacto directo con la carga y por tanto, están sometidas a solicitaciones 
de tenciones muy exigentes. 
Todas las carretillas disponen de dos horquillas, cuyo diseño está regulado por la norma UNE 
58401 y 58428, en función de la carga máxima que la carretilla puede elevar. 
 
Ilustración 11. Diseño de horquilla 
2.3.3. TRASLACIÓN 
Los modelos de tres ruedas pueden dividirse en: 
 Tracción delantera, generalmente de dos motores. 
 Tracción trasera. 
 Tracción delantera y trasera. 
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Los motores eléctricos se clasifican según: 
Tabla 1. Tipos de motores eléctricos 
Corriente Continua 
Excitación independiente  
Excitación en serie  
Excitación en paralelo  
Excitación compuesta  
Corriente Alterna 
Síncronos monofásicos  
Asíncronos 
De jaula de ardilla 
De rotor devanado 
Las primeras carretillas se fabricaban con motores de corriente continua, ya que en comparación 
con un motor de corriente alterna, se simplifica el montaje. Esto se debe a que se alimentan 
directamente desde la batería, y el control de la velocidad se realiza directamente; aumentando la 
tensión, se aumenta la velocidad. 
Los motores de CA, en cambio, necesitan un variador de frecuencia para poder regular la 
velocidad. Sin embargo, tienen un menor coste y el mantenimiento requerido es mínimo, además 
de proporcionar mayor precisión en la velocidad. Por ello en las carretillas más modernas se 
utilizan éste tipo de motores. 
En las carretillas que llevan motores de CC, los motores de tracción son generalmente de 
excitación en serie, en lo que aumentando la carga, se disminuye el número de revoluciones. 
La regulación del motor CC puede realizarse por tres métodos: 
a. Por resistencias 
Es el método más simple para regular la velocidad de los motores de CC. Un bloque de resistencias 
está situado entre la batería y el motor. Al pisar el pedal de marcha se van eliminando las 
resistencias consiguiendo con ello un aumento de corriente que pasa de la batería al motor que 
aumenta consiguientemente su número de revoluciones. El calor producido se disipa en el aire. 
El principal inconveniente de éste sistema es que acelera de forma escalonada y consume mucha 
corriente. 
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b. Regulación por reóstato mediante escobillas de grafito 
Un desconector accionado por el pedal desconecta progresivamente los discos de grafito que tienen 
la función de resistencia, encontrándose éste bloque sumergido en aceite que absorbe el calor 
producido. 
Este sistema es utilizado por pocos fabricantes, dado que aunque tiene una aceleración más 
uniforme, tiene un gran consumo energético. 
c. Regulación electrónica 
Es el sistema más utilizado por las siguientes ventajas: 
 Regulación de la velocidad, desde 0, hasta la velocidad máxima. 
 Puesta en marcha y frenado uniforme y sin sacudidas. 
 No hay pérdidas de energía a bajas velocidades. 
 Frenado por contracorriente. 
  Escaso mantenimiento. 
 Menor desgaste de los componentes mecánicos de la transmisión. 
 Más autonomía y capacidad de trabajo para la misma capacidad de batería. 
 Disminución del peligro de accidentes. 
La técnica aplicada en los semiconductores permite una transformación de tensión-corriente 
continua en una tensión-corriente pulsante con ondas cuadradas, reguladas mediante un interruptor 
chopper1. 
 
Éste último sistema, también llamado ‘modulación por ancho de pulso’, se basa en la conexión y 
desconexión de la batería en ciertos períodos de tiempo iguales, como se aprecia en la Ilustración 
12.  
                                                 
1 Es un interruptor electrónico, basado en diodos y transistores que se usa para abrir y cortar una señal eléctrica bajo el control 
de otra. Se usa también para la regulación electrónica de equipos eléctrico-mecánicos. 
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Ilustración 12. Modificación del ancho de pulso 
Para calcular la potencia necesaria que debe tener el motor, se utiliza la ecuación (2.10): 








(𝐺 + 𝑄) ∙ 𝑉2




(𝐺 + 𝑄) ∙ 𝑤 ∙ 𝑉
1000 ∙ 75 ∙ 𝜂
 (2.10) 
Donde; 
 Nnom es la potencia nominal del motor [C.V.] 
 NA es la potencia de aceleración 
 NR es la potencia de régimen  
 G es el peso en vacío de la carretilla [kg] 
 Q es la carga a trasladar [kg] 
 V es la velocidad nominal de la carretilla [m/s] 
 ω es la resistencia a la rodadura [kg/Tn]. Para éste caso, caucho sobre hormigón, ω≈30-60 
kg/Tn 
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 η es el rendimiento  
 g es la aceleración de la gravedad 
 ta es en tiempo que le toma acelerar 
 
2.3.3.1. Giro 
Tanto para carretillas de tres ruedas, como de cuatro, la dirección se encuentra en el eje trasero, ya 
que permite tener un radio de giro menor. 
El giro en una carretilla de tres ruedas abarca un recorrido de 180º, de manera que se puede poner 
perpendicular a la carretilla en cualquiera de los dos sentidos. En la Ilustración 13. Orientación de 
las ruedas durante el giro se puede observar un dibujo esquemático de la dirección de cada rueda 
durante el giro. 
 
Ilustración 13. Orientación de las ruedas durante el giro en una carretilla de tres ruedas 
Siendo f el ángulo de giro de la rueda trasera.  
 
En una carretilla de cuatro rudas, el ángulo de giro del tren posterior es algo menor, en torno a 80º-
85º en cada lado, en función del modelo, pero hay que tener en cuenta el efecto diferencial en las 
curvas. 
Por lo general, salvo los motores de tracción, los actuadores de una carretilla son hidráulicas, 
habiendo una o más bombas y un distribuidor hidráulico, tanto para elevación como giro. 
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Ilustración 14. Bomba hidráulica para realizar el giro 
2.3.4. CIRCUITO ELÉCTRICO 
Al igual que con cualquier otro tipo de maquinaria, las carretillas elevadoras cuentan con un 
circuito eléctrico, más o menos complejo en función de las características que proporcionan la 
alimentación y señales necesarios a todos los elementos. En los modelos más antiguos se solían 
utilizar contactores o relés; en los modelos más modernos se utilizan transistores. 
Los circuitos eléctricos han de poder soportar grandes corrientes durante muchas horas 
funcionamiento, ya que los motores, en la mayor parte de los modelos son de gran potencia.  
 
Ilustración 15. Esquema eléctrico de carretilla LINDE 
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2.3.5. BATERÍA 
Una batería de acumuladores es una agrupación, generalmente en serie, de acumuladores, y 
constituida por un conjunto de placas positivas y negativas aisladas eléctricamente mediante 
separadores, unidas según la polaridad e inmersas en una solución de ácido sulfúrico en el interior 
de un recipiente plástico. 
La capacidad de una batería se mide en Amperios/hora (A/h), y se define por la cantidad de 
corriente eléctrica que tiene acumulada y que es capaz de dar durante un tiempo de 5 horas. 
Para poder comparar dos baterías, además de conocer la tensión o la corriente en A/h, es necesario 
también saber la energía acumulada, que resulta el producto de tensión por intensidad (V*I) en 
W/h. 
Hay tres características principales que definen una batería: 
a. La cantidad de energía que puede almacenar 
Esto es el número de Wh que puede calcularse multiplicando el valor del voltaje nominal por el 
número de Ah. 
b. La máxima corriente que puede entregar, en descarga 
Se especifica como numero fraccionario, por ejemplo, para C=200Ah, una de tipo C/5=40A 
significa que puede entregar 40A por 20h de trabajo. 
c. La profundidad de la descarga 
Representa la cantidad de energía que puede extraerse de una batería. Éste valor es porcentual. 
Los tipos más comunes son: 
 Plomo-ácido (Pb-ácido) 
 Ion-Litio (Li-ion) 
 Níquel-Cadmio (Ni-Cd) 
 Níquel-hidruro metálico (Ni-Mh) 
 Polímero-Litio (Li-poly) 
 Aire-zinc 
 Pila de combustible 
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2.3.5.1. Batería de Pb-ácido 
Es el tipo de batería más usado, debido principalmente a la relación calidad-precio. 
Se distinguen tres tipos de baterías de Pb-ácido. 
 De ciclo corto, es utilizada en automóviles, donde se necesita una corta explosión para 
encender el motor. 
 De ciclo profundo, para repetidos ciclos de carga y descarga. Se utiliza en la mayor parte 
de las aplicaciones industriales, como carretillas, servicios continuos, embarcaciones, etc. 
 De celdas de gel con aditivos. Diseñada para ser montada de lado, pero supone un alto 
coste por lo que su uso se limita a aplicaciones militares. 
 
Ilustración 16. Batería de Pb de 12 celdas 
2.3.5.2. Batería de Li-ion) 
Tiene una densidad de energía superior a las de Pb-ácido. Además, estas baterías cuentan con más 
voltaje en cada celda, hasta 3.5V, en comparación con los 2V que proporciona cada celda de una 
batería de PB-ácido. 
Tienen una muy baja tasa de auto descarga, pero por el contrario tienen una rápida degradación y 
gran sensibilidad a las altas temperaturas.  
Las aplicaciones más habituales son en aparatos electrónicos, como teléfonos y ordenadores 
portátiles. 
2.3.5.3. Batería de Ni-Cd 
Se caracteriza por tener las celdas selladas, tener la mitad de peso que las de Pb-ácido y por ser 
más tolerante a altas temperaturas. 
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El mayor inconveniente es que tiene el efecto memoria2, lo cual disminuye considerablemente la 
duración. 
 
Ilustración 17. Efecto memoria3 
Los usos más comunes de éste tipo son en juguetes y mandos de control remoto. 
2.3.5.4. Batería de Ni-Mh 
Se trata de una mejora de la tecnología Ni-Cd, ya que ofrece una mayor densidad de energía y el 
ánodo está hecho de hidruro, por lo que se evitan los problemas ambientales. Por otro lado, su 
efecto memoria es casi despreciable. 
Sin embargo no puede entregar grandes picos de potencia, tiene un alto grado de auto descarga y 
es muy peligrosa si recibe una sobrecarga. 
Tiene también un precio elevado, aunque una de las principales aplicaciones es en los automóviles 
eléctricos híbridos. 
2.3.5.5. Batería de Li-poly 
Tienen una densidad de energía de entre 5 y 12 veces las de Ni-Cd o Ni-MH para el mismo peso. 
A igualdad de capacidad, son 4 veces más ligeras. 
El mayor inconveniente es que requieren un trato mucho más delicado, a riesgo de poder 
producirse una explosión. 
Las baterías de Li-poly, tienen un voltaje en cada celda de 3,7V. A diferencia de otros tipos de 
baterías, nunca se debe permitir que el voltaje baje más de 3V o cargar más de 4.3V por celda. 
  
                                                 
2 Efecto que reduce la capacidad de las baterías cuando se cargan sin haber sido descargadas completamente, debido a la 
formación de unos cristales en el interior de las mismas. 
3 Tecnología de las baterías, Departamento de electrónica de la Universidad Técnica Federico Santa María, Chile 
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2.3.5.6. Baterías de aire-Zn 
La fabricación es más barata y su capacidad puede superar en hasta 3 veces las baterías de Li-Ion. 
Estas baterías utilizan el oxígeno almacenado en un electrodo, mientras la batería contiene un 
electrolito y el electrodo de Zn permite que el aire circule en el interior de una caja porosa, 
produciéndose así la electricidad. 
La principal ventaja de éste tipo, es que pueden ser recicladas sin límite, sin perder ninguna de sus 
cualidades, además de ser muy respetuosa con el medio ambiente. 
2.3.5.7. Pila de combustible 
Es un dispositivo electroquímico de conversión de energía, similar a una batería, pero se diferencia 
en que está diseñada para permitir el reabastecimiento continuo de reactivos consumidos; produce 
electricidad de una fuente externa de combustible. La tensión en circuito abierto es de 
aproximadamente 1,2V. 

















Pb-ácido 30-50 2 1000 8-16 5 0.11-0.175 
Li-ion 110-160 3.16 4000 2-4 25 0.176-0.314 
Ni-Mh 60-120 1.25 1000 2-4 20 0.64 
Ni-Cd 48-80 1.25 500 10-14 30  
Li-poly 100-130 3.7 5000 1-1.5 10 0.176-0.314 
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2.3.6. CIRCUITO HIDRÁULICO 
Las carretillas constan de al menos un tanque de aceite, una o más bombas hidráulica, un 
distribuidor y el circuito hidráulico correspondiente. Con todo ello se controla la elevación, 
inclinación y la dirección, y el desplazamiento lateral, en caso de disponga de ésta característica. 
En algunos casos, según el modelo, la dirección puede tener una bomba independiente.  
En los modelos más modernos, que el mástil es tri-lateral, es decir, que gira sobre sí mismo, se 
dispone de una bomba independiente para tal fin. 
 
Ilustración 18. Esquema hidráulico de una carretilla BT CBE 
2.3.6.1. Distribuidor hidráulico 
Los distribuidores son componentes que controla la apertura, detección dirección del flujo de un 
fluido, permitiendo al fluido ser dirigido en diferentes direcciones. 
La función de un distribuidor se define por el tipo de unión que permite realizar y por el número 
de variantes que posee dicha unión. El tipo de unión se caracteriza por el número de vías de 
conexión (entradas o salidas) y por el esquema interior de cada una de las conexiones. 
El distribuidor es un elemento que afianza la apertura y cierre de una o varias vías de paso. 
Dependiendo de su aplicación y en base al número de conexiones de trabajo, el distribuidor puede 
ser de dos, tres, o multitud de orificios y de dos, tres, cuatro y más posiciones. 
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2.3.7. SISTEMA DE FRENOS 
El sistema de frenado de una carretilla, independientemente del tipo del que se trate, está fijado en 
la norma UNE 58440. Dicho sistema consta de dos circuitos de frenos; freno de servicio y freno 
de estacionamiento. 
2.3.7.1. Freno de servicio 
Designa el sistema de frenos de trabajo. En las maquinas térmicas es hidráulico y en las eléctricas 
puede ser mecánico, hidráulico o electrónico. 
En máquinas térmicas, la propia transmisión actúa como freno, impidiendo que la maquina se 
mueva incluso en pendientes. 
2.3.7.2. Freno de estacionamiento 
El freno de estacionamiento actúa sobre la transmisión o sobre el freno de servicio por 
accionamiento mecánico, que mantendrá frenada la carretilla con su carga nominal, en pendientes 
según norma UNE 58440. 
 
Ilustración 19. Esquema de un circuito de freno de servicio de una carretilla BT 
2.3.7.3. Frenado regenerativo 
Una de las ventajas de la utilización de motores eléctricos en vehículos de propulsión es la 
posibilidad de almacenar la energía durante la frenada. El frenado regenerativo consiste en obtener 
energía eléctrica durante la frenada de objetos en movimiento y aprovechar dicha energía para 
recargar la batería.  
Es importante tener en cuenta que, en éste proceso, no toda la energía se puede almacenar, 
especialmente en frenados repentinos dado que, se obtiene una mayor eficacia cuanto mayor dura 
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la frenada. La energía almacenada es la energía cinética que la carretilla requiere durante la 
aceleración. 
Este sistema se basa en el principio de la inducción electromagnética; cuando por un conductor 
circula una corriente eléctrica, se genera un campo magnético. Del mismo modo, se produce el 
efecto inverso; si un imán atraviesa una bobina, se genera una corriente eléctrica, con la 
correspondiente diferencia de potencial entre los bornes de la misma. 
2.3.7.4. Freno por electroimán 
Existen ciertos modelos que, aun teniendo un freno de servicio accionado por pedal, para un caso 
de emergencia, tienen los motores de traslación con freno automático, accionado por un muelle 
siempre que no haya tensión entre los terminales del motor, y en el momento que se presiona el 




Un potenciómetro es un dispositivo electromecánico que consta de una resistencia de valor fijo 
sobre la que se desplaza un contacto deslizándose, cursor, que la divide eléctricamente. 
 
Ilustración 20. Esquema de un potenciómetro 
El cursor suele estar formado por dos o más escobillas de diferente longitud para prevenir los 
rebotes o resonancias mecánicas originadas por movimientos rápidos o vibraciones. 
La aplicación más común de estos dispositivos en instrumentación es como sensor de 
desplazamientos de tipo resistivo, como por ejemplo, un sensor de presión. Además de como 
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ajuste se emplean para reducir el efecto de tolerancias en los circuitos y los potenciómetros de 
control se utilizan para variar el nivel de una señal. 
 Tipos de potenciómetros 
Los potenciómetros pueden clasificarse atendiendo a diversos criterios, como son: 
a. Según el elemento resistivo 
El elemento resistivo es una parte esencial en cualquier potenciómetro hasta el punto que afecta a 
todas sus características eléctricas. La clasificación se distingue entre: 
 Potenciómetro de hilo bobinado 
 Potenciómetro no bobinado 
- Cermet 
- Carbón 
- Plástico conductivo 
- Película bobinada 
- Híbridos 
b. Según el desplazamiento 
Atendiendo al tipo de desplazamiento realizado por el cursor, se clasifican en: 




- Infinitas vueltas 
 De cuerda o cable 
c. Según su función característica 
En función de cómo cambia la resistencia en el desplazamiento, las más habituales son funciones 
lineales, logarítmicas o antilogarítmicas, que dan lugar a: 
 Potenciómetros lineales 
 Potenciómetros logarítmicos o antilogarítmicos 
 Otras funciones; seno, tangente, etc. 
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2.3.8.2. Sensores de presencia y proximidad 
Cuando se trate de detectar la presencia o ausencia de un objeto en un área, la medida se puede 
realizar en función de la influencia que tenga dicho objeta en ése área. Según esto, se pueden 
distinguir dos tipos de sensores, 
a. Sensores pasivos 
Sirven para monitorizar la situación de un objeto y detectan los cambios producidos por el mismo. 
Son muy comunes en los sistemas de seguridad de bajo coste, o circuitos de iluminación activados 
por la presencia de una persona.  
b. Sensores activos 
Producen una señal y recogen su eco. El eco de dicha señal dependerá de la presencia o ausencia 
de objetos en el campo de acción y de la velocidad con la que se desplace. La detección del objeto 
se puede llevar a cabo mediante la emisión de un sonido ultrasónico y técnicas de impulso-eco o 
empleando un emisor de luz que envíe un haz del tipo que sea, y comprobar si se recibe el eco o 
llega a un receptor. Los detectores ultrasónicos permiten cubrir un área de medida relativamente 
amplia, mientras que o bien cubren áreas más pequeñas, o actúan como barreras detectoras, 
permitiendo saber solamente cuando un objeto corta el paso del haz entre emisor y receptor. 
 Final de carrera 
La detección de proximidad presenta ciertas similitudes con la detección de presencia. 
Los sistemas de detección de proximidad suele quedar restringido a aplicaciones industriales de 
control de movimiento, detección de objetos en cadenas de producción, etc. 
Uno de las maneras más habituales de detectar la proximidad de un objeto, es mediante el contacto 
físico con un final de carrera, que no es más que un mecanismo sencillo que actúa como interruptor, 
abriendo o cerrando el circuito.  
 Sensores capacitivos 
Los detectores de proximidad capacitivos detectan la presencia de objetos próximos, tanto 
metálicos como no metálicos sin requerir contacto directo. Están basados en la variación de la 
capacidad entre dos o más conductores, en respuesta a la variación de distancia o ángulo entre 
ellos. 
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Las principales ventajas de éste tipo de sensores, son: 
 Permiten detectar desplazamientos muy pequeños 
 Se pueden integrar fácilmente en un chip de silicio 
 No se ven afectados por la temperatura ni desalineaciones mecánicas 
 Son muy aptos para trabajar en entornos hostiles 
 Consumen muy poca potencia 
El elemento básico del sensor capacitivo es el condensador. En el caso de un condensador simple 
de placas paralelas, el valor de la capacidad puede verse alterado variando la distancia entre placas 
‘x’, el área de las mismas ‘A’, o la constante dieléctrica ‘ε’. El cálculo de la capacidad por tanto, 






Un condensador diferencial está formado por tres placas planas paralelas. En general, las placas 
exteriores suelen ser fijas y la placa central móvil, en respuesta a la variable a detectar. 
 
Ilustración 21. Condensador diferencial 
Se forman así dos condensadores, cuya diferencia de capacidades viene dada por: 
 
𝐶1 − 𝐶2 =
2𝜀𝐴
𝑑2 − 𝑥2
∙ 𝑥 (2.12) 
Una vez calculada la capacidad entre electrodos del sensor, hay que convertir las variaciones de 
capacidad en una tensión, frecuencia o modulación por ancho de pulso. 
 Sensores inductivos 
El principio de funcionamiento de los sensores inductivos es muy simple; consiste en un oscilador 
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en sus proximidades. La presencia de objetos metálicos en la zona modifica el campo y se 
manifiesta un cambio en las magnitudes eléctricas de la bobina. Su mayor utilidad por ello es en 
la detección de objetos metálicos. 
a. Detectores de proximidad 
Los detectores de proximidad están compuestos de una fuente de luz y un fotodetector. Existen 
principalmente tres tipos, en función del modo de detección: 
 Detectores por reflexión en objeto: LED y fotodetector están montados sobre la misma 
cabeza de forma que en presencia de un objeto parte de la luz procede del LED se refleja 
en el mismo y alcanza el fotodiodo. 
 Detectores por reflexión en espejo: un espejo refleja la luz del LED hacia el fotodetector, 
que también está situado en la misma cabeza, constituyendo la barrera luminosa. 
 Detectores de barrera: para alcances mayores se sitúa la fuente de luz y el fotodetector en 
extremos opuestos. El alcance puede ir desde los 50 metros hasta los 200. 
b. Codificadores ópticos 
Los codificadores ópticos o encoders, se utilizan para la medida de posición y velocidad angular 
y lineal. Se clasifican en dos tipos, incrementales y absolutos. 
 Codificadores ópticos incrementales: están compuestos por un disco o un elemento lineal 
que se desplaza de forma solidaria al elemento cuya posición se desea determinar y que está 
dividido en sectores con características ópticas diferentes, como pueden ser transparentes y opacas, 
o blancas y negras. 
Los más comunes están compuestos de un disco opaco ranurado. El paso de un hueco se detecta 
mediante un LED y un fotodetector, enfrentados y situados a ambos lados del disco. Ambos 
elementos se suelen suministrar en un único elemento bajo el nombre de fotointerruptores. 
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Ilustración 22. Encoder incremental de disco 
El cálculo de la velocidad se puede determinar mediante la medida de la frecuencia de la señal 
recibida en el fotodetector. Para realizar la medida de la posición, basta con contar el número de 
pulsos recibidos a partir de una referencia que suele ser una ranura adicional. 
La resolución queda definida según el número de ranuras o líneas del disco. Los de plástico y 
metálicos constan de hasta dos líneas por milímetro y 6 líneas/mm respectivamente. 
Electrónicamente, de flancos se puede duplicar la resolución si en lugar de medir el nivel de pulsos, 
se realiza el conteo de flancos, dado que en cada pulso hay dos flancos. 
 Codificadores ópticos absolutos: a diferencia de los codificadores incrementales, que 
cuentan pulsos o flancos, los codificadores absolutos miden la posición directamente. Para ello, el 
disco está dividido en sectores codificados digitalmente según un código binario, Gray, BCD, u 
otro que informan directamente de la posición.  
 
Ilustración 23. Codificador óptico absoluto con el código de Gray 
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c. Sensores de color 
Los sensores de color son muy utilizados para la inspección y realización de controles de calidad 
o la detección de piezas previamente marcadas con etiquetas de diferentes colores. 
Los modelos más habituales tienen tres LEDs (azul, verde y rojo) que se van encendiendo de forma 
secuencial y cuya luz se dirige al objetivo. El fotodiodo recibirá la luz reflejada y tanta más cuanto 
más cerca esté el color del objetivo a la luz emitida. 
 Sensores ultrasónicos 
Los sensores ultrasónicos se basan en la técnica del impulso-eco en la detección de presencia. El 
principio de funcionamiento es muy sencillo; se emite un pulso de ultrasonido y se escuchan los 
ecos. El tiempo transcurrido entre el impulso emitido y el eco recibido, multiplicado por la 
velocidad del sonido en ese medio es el doble de la distancia entre el foco emisor y el objeto 
reflector.  
Los usos más comunes son: 
a. Detección de presencia 
Es la más simple de todas. Consiste en determinar si hay o no objetos en las proximidades del 
dispositivo. Se podría también calcular también la distancia, aunque se considera redundante, ya 
que la principal aplicación de estos sensores es evitar choques de objetos en movimiento. 
b. Detección de fallos en metales solidos 
Es una aplicación similar a la detección de presencia, pero con las particularidades de la 
propagación del sonido en los sólidos aparecen mayores dificultades. La idea es enviar una onda 
de sonido de alta frecuencia a través de un material; si existen grietas internas, en cada hueco se 
produce una reflexión/refracción, provocando el eco de la onda emitida. 
c. Medidas de distancias, superficies y volúmenes 
Una ampliación  a la medida de distancias, es, por ejemplo, la medida de superficies entre paredes 
o volúmenes de cuerpos geométricos huecos y conocidos; suponiendo una forma de 
paralelepípedo, el emisor/receptor se sitúa en el interior y se miden las distancias en dos o tres ejes, 
pudiendo calcular con ello la superficie o el volumen. 
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 Sensores electromagnéticos 
a. Sensores lineales 
Un sensor electromagnético, utilizado para la medida de velocidades lineales, está formado por un 
devanado fijo dentro del cual se mueve un imán solidario al objeto cuya velocidad lineal se desea 
medir. 
En cualquier posición que se encuentra el imán deslizante, si su velocidad lineal es nula, la tensión 
inducida en el devanado también lo será, ya que el flujo magnético en la bobina no varía con el 
tiempo. 
b. Sensores rotativos 
Se emplean para medir velocidad angular o posición angular de un eje.  
Poseen un elemento giratorio, rotor, solidario al elemento respecto al cual se desea medir la 
posición o velocidad angulares, y otro estático, estator, coaxial con el anterior. 
El espacio que separa éstos componentes metálicos, generalmente aire, constituye un elemento de 
diferente reluctancia que estator y rotor. 
2.3.9. SISTEMAS DE CODIFICACIÓN 
2.3.9.1. Código EAN 
El European Article Number, más comúnmente llamado código de barras, se trata de una 
codificación basada en un conjunto de barras paralelas, de diferentes grosores y espaciados, que 
contienen una determinada información. Cada combinación contiene un conjunto de caracteres 
identifican generalmente un artículo dentro de una cadena logística. 
Los escáneres leen el conjunto de barras, convirtiéndolo en una señal eléctrica y el correspondiente 
software lo transforma en una señal digital. Cada código identifica a un único producto4. 
 
Ilustración 24.Código EAN5 
                                                 
4 www.codigoean.com, 2015 
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En el código de barras de un producto, las tres primeras cifras indican el país, las cuatro siguientes 
el código de la empresa, las cinco posteriores el código del productor y el último número es el 
dígito de verificación. La manera de comprobar que el número está correcto, con el dígito de 
verificación es la que sigue; excluyendo dicho dígito, se suman el resto de los números, los que se 
encuentran en posición impar multiplicados por 1 y lo que se encuentran en posición par 
multiplicados por 3. El dígito de verificación es lo que falta al resultado de la suma para llegar a 
la siguiente decena. Según la Ilustración 24:  
 0 ∙ 1 + 0 ∙ 3 + 1 ∙ 1 + 2 ∙ 3 + 3 ∙ 1 + 4 ∙ 3 + 5 ∙ 1 + 6 ∙ 3 +
7 ∙ 1 + 8 ∙ 3 + 9 ∙ 1 + 0 ∙ 3 = 85  
(2.13) 
El código de barras en sí no contiene información, si no que el número que representa identifica 
en una base de datos el producto al que hace referencia. 
2.3.9.2. Code 39 
Hay otros tipos de códigos, que incluyen letras y números como son el code 39, en el que cada 
carácter se identifica con una combinación de distintos espesores de barras. Como ejemplo, en la 
Ilustración 25 se muestra el código para cadena de caracteres “ABCD 1234”. 
 
Ilustración 25. Code 39 para 'ABCD 1234' 
Este sistema permite diferenciar, además de los caracteres, las mayúsculas y minúsculas, lo que lo 
hace ideal para poder distinguir pasillos y estanterías. 
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2.3.9.3. Código QR 
El código de respuesta rápida (Quick Response) es una evolución del código de barras. Se trata de 
una matriz bidimensional de cuadrados o puntos que almacena la información, desarrollado por la 
compañía japonesa DENSO. 
Consta de tres grandes cuadrados, en las dos esquinas izquierdas y otro en la esquina superior 
derecha, para identificar de la posición al usuario. 
 
Ilustración 26.Código QR5 
El uso es mucho más variado, ya que pueden utilizarse tanto para almacenar direcciones URL, 
tarjetas de presentación, números de teléfono, o como en el caso de los códigos de barras, para 
identificar un producto. 
2.3.9.4. Código de GRAY 
El código de Gray, se utiliza en los encoders absolutos, permiten determinar la posición angular 
de un eje.  
El principio de funcionamiento es dividir un disco en aros concéntricos, los mismos que el número 
de bits de resolución que se desea. A su vez, estos aros están divididos en zonas transparentes y 
opacas, que permiten pasar o no la luz de un LED, de tal forma que por ejemplo para un disco de 
4 bits, se pueden obtener hasta 16 posiciones, como se observa en la Ilustración 27. 
 
Ilustración 27. Disco de Gray 
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Dado que en la numeración binaria, hay casos en que cambian más de un bit de vez, y puede 
producir errores en el conteo, el código de Gray modifica un bit de vez, como se puede ver en la 
Tabla 4  







0 0000 0000 
1 0001 0001 
2 0010 0011 
3 0011 0010 
4 0100 0110 
5 0101 0111 
6 0110 0101 
7 0111 0100 
8 1000 1100 
9 1001 1101 
10 1010 1111 
11 1011 1110 
12 1100 1010 
13 1101 1011 
14 1110 1001 
15 1111 1000 
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Posteriormente, la conversión de Gray a binario se puede realizar fácilmente con un sencillo 
circuito de puertas XOR, como en la Ilustración 28. 
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3. ESTUDIO DEL CONTROL PARA UNA CARRETILLA 
CLARK TM15 
Se pretende diseñar el control automático para una carretilla elevadora Clark TM15, de manera 
que sea un vehículo autónomo, sin que se requiera un operario para conducirla. 
El modelo TM15, consta de dos ruedas delanteras motrices, con un motor en cada una, y otra rueda 
trasera, que es la directriz. Cuenta además con un distribuidor hidráulico, conectado a una bomba 
para la elevación e inclinación del mástil y una bomba para la dirección asistida. Todos los motores 
y bombas funcionan con corriente continua. 
3.1. Características del modelo Clark TM-15 
Las principales características de la carretilla son: 
Tabla 5. Características de la carretilla Clark TM15 
Carga de elevación 1.500 kg 
Altura de elevación 3.300 mm 
Distancia entre ejes 1.290 mm 
Ancho de vía 863 mm 




Radio de giro 1.507 mm 
Masa total 2.750 kg 
Tamaño rueda 18x7-8.16 PR 
Radio de giro 1.507 mm 
 




Con carga 12,2 
Km/h 
Sin carga 13,5 
Velocidad de 
elevación 
Con carga 0,28 
m/s 
Sin carga 0,40 




Con carga 5,6 
s 













Tensión 48 V 
Capacidad 400 Ah 
Medidas 530x830x627 mm 
Masa 693 kg 
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3.1.1. FUNCIONAMIENTO  
El esquema eléctrico de funcionamiento consta de 4 módulos principales: 
 Potencia 
Se encuentran los motores principales de traslación, la bomba hidráulica y el cableado de potencia 
y grandes corrientes. 
 
Ilustración 29. Circuito de potencia 
 
 Velocidad 
El módulo de la velocidad contiene el potenciómetro, controlado con el acelerador, con el que se 
regula la velocidad deseada de la marcha. A mayor tensión aplicada mayor velocidad.  
Los motores llevan un freno incorporado de modo que cuando se deja de aplicar tensión el motor 
se detiene 
Diseño del sistema de control para una carretilla elevadora 
40 
 
Ilustración 30. Circuito de velocidad 
 Dirección 
En el boque de la dirección es donde se encuentran los interruptores que gobiernan los bobinados 
de los motores de traslación, con que se selecciona el sentido de marcha. Dichos interruptores 
anulan los bobinados, durante la trazada de una curva, del motor que se encuentra por el interior 
cuando se exceden los 60º de giro de la rueda trasera. 
 
Ilustración 31. Circuito de dirección 
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 Accesorios 
El área de accesorios contiene los interruptores que controlan los bobinados, tanto de la bomba 
hidráulica como los motores principales. 
 
Ilustración 32. Circuito de accesorios 
El motor y la bomba principal (1) se controlan mediante la Tarjeta Lógica, que gobierna un tiristor 
(3), que crea una señal de potencia modulada. Para evitar que se produzcan arcos eléctricos en 
dicho transistor, hay un snubber 5con un diodo de libre circulación (2). La velocidad se regula 
mediante un pedal que acciona un potenciómetro (6). En caso de que se detectara cualquier fallo, 
existen dos interruptores maestros, que abrirían el circuito y la carretilla dejaría de funcionar (5 y 
12). Hay además otros dos interruptores de protección en serie con la llave de accionamiento (9); 
el interruptor conectado al asiento (10) y el interruptor en el pedal del freno (11), de tal manera 
que si el usuario se levanta del asiento, o pisa el pedal del freno, los motores principales se 
detienen. 
En función del sentido de la marcha que se tenga seleccionado, con la palanca selectora de 
dirección (13), se activa el conector correspondiente (4).  
Existen otras dos palancas selectoras (14), con las que se puede elevar o inclinar el mástil, de tal 
manera que activan la bomba hidráulica (P) conectada a un distribuidor hidráulico. 
Los últimos elementos señalados son el horómetro (16), que cuenta el número de horas de uso de 
la carretilla, la bocina (17) y el indicador de carga de la batería (18). 
  
                                                 
5 Circuito de ayuda a la conmutación de transistores 
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Para realizar el control de todas señales y conexiones, la carretilla cuenta con una caja lógica 
(Ilustración 33) de 2 conectores, con 20 pines en un conector y 16 en el otro. Dicha tarjeta realiza 
el control sobre los motores de traslación y giro, dado que la elevación e inclinación se realiza 
actuando directamente sobre los interruptores. 
En función de la fuerza realizada al presionar el pedal, el potenciómetro al que acciona permite 
pasar una tensión entre 10 y 12 Vcc, que entra en la caja lógica por el pin 16 conector 1. 
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3.2. Microcontrolador 
En el diseño del control, se utilizarán una serie de sensores transmitirán la señal a un 
microcontrolador que procesará toda la información recibida. El dispositivo utilizado será un PIC 
18F6722 con las siguientes características. 
Tabla 6. Características PIC 18F6722 
Puertos A, B, C, D, E 
Timers 5 
Puertos USART 2 
Módulos A/D 12 canales 
Resolución módulos A/D 10 bits 
Pines 64 
 
Tensión de alimentación -0,3 a +7,5 V 
Potencia disipada 1 W 
Corriente máxima absorbida 200 mA 
Corriente máxima generada 200 mA 
Corriente máxima en el pin Vdd 250 mA 
Corriente máxima en el pin Vss 300 mA 
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Ilustración 34. Microcontrolador PIC 18F6722 
El PIC se irá alimentado a 3,3 V, voltaje al que se han de alimentar el módulo Bluetooth, explicado 
más adelante. 
En el cuadro de mando se situará un interruptor de dos posiciones, que permitirá seleccionar modo 
manual o automático. El primero corresponde al funcionamiento normal de la carretilla, 
manipulada por un operario. En el modo automático el tiristor queda gobernado por la placa del 
PIC, de manera que la tarjeta lógica queda anulada. 
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3.3. Sensorización 
Se dispondrá de todos sensores necesarios para poder ubicar la carretilla elevadora correctamente 
en el espacio de trabajo, de tal manera que sea posible el correcto funcionamiento, evitando 
cualquier tipo de accidente. 
Los sensores más habituales en el mercado pueden tener la señal de salida en lazo de tensión y/o 
corriente. A pesar de que la mayor ventaja de éstos últimos es que permiten saber si por accidente 
el cable de conexión fue cortado, en la medida de lo posible se tratará de utilizar los sensores con 
lazo de tensión, dado que el PIC ya cuenta con diversos conversores de tensión A/D. 
Serán necesario sensorizar lo siguiente: 
 Trayectoria a seguir 
 Velocidad 
 Dirección y sentido de la marcha 
 Elevación e inclinación del mástil 
 Detección de obstáculos 
3.3.1. SENSORES DE TRAYECTORIA 
Se dispondrán de 16 sensores CNY70 en la base de la carretilla, que detectarán en qué posición se 
encuentra respecto a la línea marcada en el suelo; 8 en la parte delantera y 8 en la trasera, como se 
puede apreciar en la Ilustración 36. 
 
Ilustración 36. Disposición de los sensores siguelínea 
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Las características principales de estos sensores son: 
Tabla 7. Características CNY70 
Dimensiones 7x7x6 mm 
Corriente del diodo emisor 50 mA 
Corriente del diodo receptor 50 mA 
Tensión en el colector emisor 32 V 
Tensión en el colector receptor 7 V 
Distancia de detección 0,3 a 5 mm 




Ilustración 37. Medidas CNY70 
 
Ilustración 38. Emisor y Receptor del sensor CNY70 
Los sensores irán en PCB’s independientes a menos de 4mm del suelo, alimentados a 3,3 V, dado 
que es la tensión a la que se alimentará la placa principal y el microcontrolador. 
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3.3.2. DETECCIÓN DE OBSTÁCULOS 
Para evitar la colisión con objetos que puedan interferir en la trayectoria, o en caso de que la 
carretilla se salga de la misma, se disponen de dos tipos de sensores: 
 
3.3.2.1. Borde de seguridad 
Se trata de un elemento elástico de gran longitud que detecta el aprisionamiento en caso de choque, 
fabricados generalmente en EPDM. Uno de los extremos está conectado a la alimentación y el otro 
a un pin del PIC, de tal manera que si se produce un choque se interrumpe dicha señal, por lo que 
la carretilla deberá avanzar hacia adelante. 
 
Ilustración 39. Borde de seguridad Fegemu 
En cada uno de los extremos se sitúa un conector. A uno de ellos es por el que llega el cable con 
la señal y el otro cierra el circuito. 
  
Ilustración 40. Conectores de los extremos del borde de seguridad 
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3.3.2.2. Sensores ultrasónicos 
Se dispondría de 3 sensores en la parte posterior, de manera que a la hora de maniobrar se puede 
tener controlada la distancia a los obstáculos. El sensor utilizado será el modelo SRF10, dado que 
se conecta mediante el bus I2C, y cuyas características principales son: 
Tabla 8. Características SRF10 
Peso 4,3 g 
Dimensiones 32x15x10 mm 
Resolución 6 cm 
Medida máxima 6 m 
Medida mínima 150 mm 
Frecuencia de muestreo 40 kHz 




Corriente en reposo 2 mA 
 
 
Ilustración 41. Sensor de ultrasonidos SRF10 
La diferencia fundamental entre un sensor de ultrasonidos conectado al puerto I2C, y con conexión 
al puerto serie, reside en que para éste último se requiere de un puerto serie por cada uno de los 
sensores, en cambio en el bus I2C se pueden conectar hasta 16 en paralelo al mismo puerto, dado 
que cada sensor tiene su propia dirección.  
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3.3.3. CONTROL DE LAS RUEDAS 
Es necesario tener en todo momento un buen control de las ruedas, tanto de la velocidad en las 
ruedas delanteras de tracción, como en el ángulo de giro que toma la rueda trasera. Esto se realiza 
con dos tipos de encoders. 
3.3.3.1. Control de velocidad 
La velocidad se controla con un encoder incremental coaxial a la rueda trasera, con el que se 
obtiene no sólo la velocidad angular, sino también el sentido de giro.  
El sensor utilizado es el modelo RI 32, cuyas características son: 
Tabla 9. Características  encoder incremental 
Velocidad máxima de giro 6000 Rpm 
Frecuencia de pulso 200 Hz 
Tensión de alimentación 5 V 
Corriente 40 mA 
Carga de eje radial 30 N 
Carga de eje axial 15 N 
Diámetro de eje 6 mm 
 
 
Ilustración 42. Encoder incremental Hengstler 
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El encoder mencionado consta de 7 cables de conexión. Los terminales se detallan en la Tabla 10. 
Tabla 10. Conexiones encoder incremental 
CABLE SEÑAL 
Rojo 5 VDC 
Blanco Canal A 
Verde Canal B 
Amarillo Canal N 
Negro GND 
Amarillo / Negro Alarma 
 
En sensor consta de tres canales (A, B, y N) por los que salen una serie de pulsos en función de la 
velocidad. La comparación de los pulsos A y B permite saber el sentido de giro, y el canal N 
proporciona un único pulso en cada vuelta. 
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3.3.3.2. Control del ángulo de giro 
Dado que el radio de giro de la carretilla varía en función del ángulo que tome la rueda directriz, 
se acoplará a la misma un encoder absoluto angular monovuelta, con codificación de Gray, de tal 
manera que en todo momento se tiene constancia de en qué posición se encuentra. 
Las características principales son: 
Tabla 11. Características encoder absoluto 
Tensión de alimentación 12-30 V 
Referencia inferior 12-30 V 
Referencia superior 12-30 V 
Corriente de alimentación 15 mA 
Resolución 12 Bits 
Salida 0-5 V 
 
 
Ilustración 44. Encoder absoluto Pepperl+Fuchs 
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Consta de un conector M12 de 5 pines para la transmitir de señales, detallado en la Tabla 12. 
Tabla 12. Terminales de conexión encoder absoluto 
CABLE SEÑAL 
1 Salida analógica 
2 VCC 
3 GND 
4 Referencia 2 
5 Referencia 1 
 
 
Ilustración 45. Conector encoder incremental 
 
3.3.3.3. Giro de la rueda 
El giro se realizará con un motor de CC acoplado al eje del volante, de manera que aprovechando 
la dirección asistida, el par a vencer (medido con un dinamómetro) no es superior a 1,5 Nm. Por 
tanto se empleará un motor de 2 Nm, del fabricante Crouzet: 
Tabla 13. Características motorreductor 
Tensión de alimentación 24 V 
Potencia nominal 3 W 
Potencia máxima 3,9 W 
Velocidad a la salida 27 Rpm 
Relación de transmisión 160 
Carga radial estática 10 daN 
Carga axial estática 1 daN 
Masa 240 g 
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Ilustración 46. Motorreductor para controlar la dirección 
 
La velocidad del motor tendrá un control todo/nada y el sentido de giro con un puente en H, modelo 
L293d. Con el encoder absoluto se tiene control en todo momento del ángulo de giro de la rueda, 
de tal manera que se hace girar el motor en un sentido u otro hasta el ángulo necesario 
Tabla 14. Características puente H  
Tensión de alimentación del puente (VCC1) 4,5 - 7 V 
Tensión de alimentación del motor (VCC2) VCC1 - 36 V 
Corriente admisible 1,2 A 
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3.3.3.4. Selección de marcha 
Durante el normal funcionamiento de la carretilla, el sentido de la marcha (adelante/atrás) se 
selecciona con una palanca selectora de dos posiciones. Se aprovechará dicha palanca en el modo 
automático accionándola en un sentido u otro con un servomotor modelo GS-5509MG. 
 
Tabla 15. Características servomotor 
Tensión de alimentación Min 4,8 Máx 6 V 
Recorrido 60  grados 
Características según tensión a 4,8 V a 6 V  
Par máximo 9,2 11 kg.cm Kg.cm 
Tiempo de recorrido (en vacío) 0,25 0,23 seg. 
Corriente (en parado) 250 300 mA 
Corriente (en vacío) 2 2,2 A 
El control del servo motor se realiza con una señal PWM, desde 0  hasta los 60º 
 
Ilustración 47. Servo motor GS 5509 
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3.3.4. SENSORIZACIÓN DEL MÁSTIL 
El mástil contará también con una serie de sensores para poder determinar la altura e inclinación 
que tiene en cada momento. 
3.3.4.1. Medición de la altura 
Dado que se trata de un mástil  telescópico dúplex, hay sistemas de medición que se descartan 
automáticamente, como podría ser un encoder lineal. Por ello, es necesario estudiar otros sistemas, 
como un distanciómetro láser fijado a la altura de las horquillas apuntando hacia el suelo. 
El medidor de distancia de mano, al que se le puedan conectar las señales de alimentación y 
transmisión de datos. Es el caso, del modelo UNI-T UT390B, tiene las siguientes características: 
Tabla 16. Características distanciómetro láser 
Medidas 112 x 48 x 25 mm 
Alimentación 2 pilas AAA 
Velocidad de transmisión 115200 Baudios 
Rango de medida 
Máx 45 m 
Mín 50 mm 
Precisión ± 2 mm 
Retirando las baterías, se encuentran 5 pines que se pueden utilizar para la transmisión de la señal, 
como se observa en la Ilustración 48.  
 
Ilustración 48. Conector UART de un distanciómetro láser UNI-T 
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Éste sistema tiene dos inconvenientes principales; por un lado requiere una adaptación extra de 
alimentación, a 2,7 V, y por otro lado, requiere ocupar un puerto serie del microcontrolador. Lo 
que conlleva además la correspondiente identificación del código que transmite para determinar la 
altura. Esto se traduce en tiempo de procesamiento del PIC que se puede emplear para otras tareas. 
Otra opción, podría ser utilizar un potenciómetro de hilo, anclado a la base de la carretilla y con el 
extremo del hilo fijo al mástil, de tal manera que se extienda y contraiga en función de la altura de 
elevación. Un modelo apto para ésta función es el modelo MK120-analog, de Micro-Epsilon con 
salida de tensión, cuyas características son: 
Tabla 17. Características potenciómetro de hilo 
Tensión de alimentación 24 V 
Corriente consumida 30 mA 
Señal de salida 0-5 V 
Rango de medida 5000 mm 
Fuerza de retracción 5 N 
Fuerza en la extensión 8 N 
Masa 0.75 kg 
Las dimensiones de dicho modelo son las que se muestran en la Ilustración 49. 
 
Ilustración 49. Potenciómetro de hilo para calcular distancias μΕ 
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3.3.4.2. Medición  de la inclinación  
El fabricante especifica que el mástil puede inclinar 3º hacia adelante y 8º hacia atrás. Para evitar 
una sobrepresión cuando se llegue a los topes de dichos ángulos, se utilizará un sensor de 
inclinación como el observado en la Ilustración 50 del fabricante Seika, modelo NG2U.  
 
Ilustración 50. Sensor de ángulo Seika 
Las características principales son: 
Tabla 18. Características sensor de inclinación 
Rango de medida ± 10 grados 
Resolución < 0,001 grados 
Sensibilidad 200 mV/grado 
Tensión de alimentación 9 - 30 V 
Tensión de salida en 0º 2,5 V 
Corriente 5 mA 
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3.3.4.1. Elevación e inclinación 
Cuando la carretilla es manejada por un operario, la elevación e inclinación se realiza accionado 
dos palancas, que activan la bomba y distribuidor hidráulicos de manera manual. Se requiere, por 
tanto, poder controlar estas acciones con señales digitales, utilizando válvulas direccionales de 
asiento, de 4 vías y 3 posiciones (4/3) del fabricante Rexroth, modelo EDD, ya que pueden 
funcionar activando los solenoides o con mandos manuales, lo que permite que la carretilla pueda 
funcionar en modo manual o automático. 
Tabla 19. Características distribuidor hidráulico 
Tensión de alimentación 12 VCC 
Potencia 30 W 
Presión de servicio 420 bar 
Masa 2,4 kg 
Otra de las ventajas de éste modelo, es que son modulares, es decir, se pueden acoplar en paralelo 
los que se deseen. 
 
Ilustración 51. Distribuidor hidráulico Bosch 
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3.3.5. IDENTIFICACIÓN DE ESTANTERÍAS Y PASILLOS 
La identificación de los distintos armarios y estanterías se realiza con un lector de código de barras. 
El modelo utilizado es BL-700, del fabricante Keyence, dado que permite una conexión RS-232 y 
tiene un alcance de lectura de hasta 1200 mm. Las especificaciones del modelo son: 
Tabla 20. Características lector de códigos 
Rango de medida 160 - 1200 mm 
Velocidad de escaneado 700 Escaneos / s 
Dimensiones 72 x 64 x 68 mm 
Tensión 5 VCC 
Corriente en espera 30 mA 




Ilustración 52. Lector de códigos de barras Keyence 
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El esquema de conexiones es como se muestra en la Tabla 21: 
Tabla 21. Conexiones lector de códigos 
CABLE SEÑAL 
1 Timing input 
2 RS-232 receive data 
3 RD-232 send data 
4 Ok output 
5 GND 
6 NG Output 
7 RS-232 request to send 
8 RS-232 clear to send 
9 +5 VCC 
 
 
Ilustración 53. Diagrama de 
pines del conector del escáner 
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3.3.6. SENSOR DE CARGA 
Una forma sencilla de detectar si hay carga en las horquillas es colocando un final de carrera en el 
panel en que se sitúan las horquillas, con la salida conectada al microcontrolador, de tal manera 
que en el momento en que al pin correspondiente de PIC deje de llegarle la señal, la carretilla se 
detenga, se recline el mástil hacia atrás e inicie la marcha. 
 
 
Ilustración 54. Final de carrera y esquema de funcionamiento 
Otra manera puede ser utilizando un sensor de presión hidráulico, de tal manera que en función 
del incremento de presión, se puede saber en todo momento cuánta masa se está elevando. La 
presión máxima en el sistema, según específica CLARK son 140 bares, por lo un sensor apto para 
éste uso sería un sensor del fabricante Wika, cuyas características son las mostradas en la Tabla 
22: 
Tabla 22. Características escáner de códigos 
Presión máxima 250 Bares 
Tensión de alimentación 12 – 36 V 
Tensión de salida 0 – 5 V 
Corriente máxima 6 mA 
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Ilustración 55. Sensor de presión Wika 
Las conexiones se realizan con un conector M12 de 4 pines, según: 
Tabla 23. Conexionado del sensor de presión hidráulica 
CABLE SEÑAL 
1 +5 Vcc 





Ilustración 56. Conector sensor de presión 
 
El esquema hidráulico, quedaría como se muestra en la Ilustración 57.  
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Ilustración 58. Circuito hidráulico completo 
3.4. Comunicaciones inalámbricas 
El usuario conectará con el sistema mediante conexión inalámbrica bluetooth. De éste modo se le 
proporcionará la información necesaria acerca del entorno de trabajo. Las variables principales 
serán: 
 La longitud de los pasillos 
 La distancia entre pasillos 
 El número de pasillos 
El dispositivo utilizado, modelo HC-06, cuanta con una adaptación para facilitar la conexión, de 
4 pines, y tiene las siguientes características: 
Tabla 24. Características módulo bluetooth 
Tensión 3,1 - 4,2V 
Corriente máxima 30 – 40 mA 
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Ilustración 59. Dispositivo bluetooth HC-06 
El dispositivo puede adquirirse insertado en una placa de adaptación, de tal manera que sólo es 
necesario conectar 4 pines: Vcc, GND, Tx y Rx. 
En el caso de que la carretilla permitiera desplazar el mástil lateralmente con respecto a la cabina, 
o incluso girarlo independientemente, sería necesario conectar los sensores a una PCB 
independiente, conectada con el PIC de manera inalámbrica. Para ello se pueden emplear dos 
dispositivos XBEE, uno conectado al microcontrolador y el otro en el mástil, ya que sirven tanto 
para la transmisión como la recepción de datos. Las características principales son: 
Tabla 25. Características módulo XBEE 
Dimensiones 24,4 x 27,6 mm 
Tensión 2,8 - 3,4 V 
Corriente en la transmisión 45 (a 3,3 V) mA 
Corriente en la recepción 50 (a 3,3 V) mA 
Potencia requerida 1 mW 
Frecuencia de funcionamiento 2,4 GHz 
Alcance en interiores 30 m 
Alcance en exteriores 90 m 
Velocidad máxima 250.000 Baud 
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Las dimensiones del dispositivo se pueden observar el la Ilustración 60. 
 
Ilustración 60. Dispositivo de conexión inalámbrica XBEE 
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4. DISEÑO ELECTRÓNICO 
Se dispondrán de 3 tipos de PCB’s distintas. En la parte inferior de la carretilla irán 4 iguales para 
con los sensores CNY70, a 4mm del suelo, otra en el mástil y la placa central de control en el 
centro de la carretilla. 
4.1. Placa principal 
En la placa principal estará situado el PIC, un dispositivo XBEE para transmitir la comunicación 
de la señal con los sensores del mástil y todas las adaptaciones y conexiones necesarias para los 
dispositivos externos como sensores o el motor que acciona la dirección. 
Los dispositivos que se encuentran conectados a la placa electrónica estarán alimentados a +3,3 y 
+5 V, como son: 
 +3,3V: 
- PIC 18F6722 
- Bluetooth HC-06  
- 2 x Schmitt trigger 
- Puerta NOT TC4049 
 +5V: 
- Puente en H 
- 2 x Encoder incremental 
- 3 x Ultrasonidos 
- Escáner de código 
Además habrá otras dos tensiones distintas para los dispositivos externos a la PCB, que son +12 y 
+24 V: 
 +12V: 
 Válvula de distribución hidráulica 
 Sensor de presión hidráulica 
 +24V: 
 Motor de dirección 
 Encoder de giro 
 
  




Dado que hay 4 tipos de alimentación distintos, las tensiones de 5, 12 y 24 V se obtendrán de 
sendos convertidores de tensión DC-DC y la tensión de 3,3 V de un regulador de tensión. 
Tabla 26. Comparación de convertidores de tensión 
CONVERTIDOR +5V +12V +24V 
Modelo PSS6-48-5 PSS10-48-12 PSD6-48-1212 
Tensión de salida 5V 12V 24V 
T. de entrada 48V 48V 48V 
Potencia máx. 3W 6W 6W 
Corriente máx. 0,3A 0,5A 0,25A 
Eficiencia 73-84% 73-84% 73-84% 
Masa 4g 4g 4g 
Medidas 20 x 16 x 8mm 20 x 16 x 8mm 28,5 x 20 x 8mm 
Precio 18,69€ 41,41€ 30,32€ 
El modelo PSD6-48-1212, para alimentar a 24V requiere una adaptación; conectar las salidas Vout+ 
y Vout- juntos y el pin ‘común’ dejarlo sin conectar. 
 
Ilustración 61. Conexión de las alimentaciones 
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Cada uno de los elementos alimentados una tensión distinta a 3,3V, requieren de una adaptación 
en la conexión al microcontrolador, alimentado a 3,3V. Según que la señal proporcionada sea 
digital o analógica, esta adaptación habrá de ser de una manera u otra. Así, para las señales 
analógicas se utilizará un amplificador operacional rail-to-rail y un seguidor de emisor. 
En el caso de las señales digitales, se realiza de dos maneras distintas, mediante diodos Zener o 
transistores NPN. 
 
Ilustración 62. Adaptación de las señales digitales del encoder incremental 
Mención especial requiere la conexión del bus I2C, utilizado con los sensores ultrasónicos, que, en 
caso de ser utilizados, en un sentido es necesario elevar la tensión de +3,3 a +5V y en el otro 
bajarla de +5 a +3,3V. 
Este tipo de sensores se conectarían al puerto I2C del microcontrolador, señales SDA (datos) y 
SCL (reloj), en paralelo, y deben ir alimentados a +5V, pero al ser canales bidireccionales, 
requieren una adaptación especial, utilizando transistores Mosfet, según la Ilustración 63. 
 
Ilustración 63. Adaptación de la señal para el bus I2C 
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La dirección de cada uno de los dispositivos se ha de cambiar previo a la conexión del PIC utilizado 
mediante software. La dirección asignada por defecto por el fabricante es 0xE0. Es necesario por 
tanto cambiar la dirección de dos de los dispositivos, nombrándolos como 0xE2 y 0xE4. 
El motor de CC que mueve el volante se controla con un puente en H para poder cambiar el sentido 
de giro. El puente en H se encenderá o apagará según se requiera y utilizando un solo pin del PIC 
se girará en un sentido u otro con una puerta NOT. El puente en H ha de tener además dos 
alimentaciones, la propia del puente a +5V y la del motor, +24V. 
 
Ilustración 64. Esquema de conexiones del puente H y el motor de la dirección 
4.2. Trayectoria 
Los sensores CNY70, que aunque se pueden alimentar hasta 7V, proporcionan una señal analógica, 
en función de la luz que reciben. 
 
Ilustración 65. Conexión del sensor CNY70 
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Según las especificaciones del fabricante, en el emisor hay una caída media de tensión de 1,25 V, 
pudiendo llegar a los 1,6 V, con un consumo de 50 mA. 





Siendo el valor obtenido de 41 Ω, pero dado que no existe ése, se coge el siguiente superior, de 47 
Ω. En cuanto al receptor, para esa configuración da 3,3 V si se encuentra sobre la línea y 0 V en 
caso contrario, dado que la caída de tensión en el mismo puede considerarse despreciable, siendo 
la demanda de corriente de 1 mA. 




= 3,3𝐾Ω (4.2) 
La señal obtenida del sensor CNY70 es analógica, por tanto para que el PIC lo reciba como 0 ó 1, 
en la placa de control hay dos dispositivos schmitt trigger, de 8 entradas y salidas cada uno, uno 
para los sensores delanteros y otro para los sensores traseros. Estos componentes transforman la 
señal analógica en digital. 
 
Ilustración 66. Conversión señal analógica a digital 
Los elementos empleados están dispuestos en paralelo, de tal forma que solamente se emplean 8 
pines del PIC. Se selecciona entonces, según el sentido de marcha activar el delantero o el trasero. 
La forma de activarlos y desactivarlos es poniendo los pines OE1 y OE2 a 0. Para ahorrar 
conexiones y evitar posibles fallos en la programación, se conecta uno de ellos permanentemente 
a masa y el otro al PIC. Se emplea además una puerta NOT en éste último para que al activarlo el 
microcontrolador tenga que poner el pin correspondiente a 1, y a 0 en caso contrario. 
V
t
Señal CNY70 Schmitt trigger
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Ilustración 67. Conexión de los sensores CNY70 con el PIC 
4.3. Mástil 
El sensor de inclinación se alimentará a 12 V, y la salida que informa de la inclinación se encuentra 
entre 0,5 y 4,5 V, en función del grado de inclinación. Ésta señal se transmite al PIC, alimentado 
a 3,3 V, por lo que se requiere una adaptación de la señal, para lo que se utilizará un amplificador 
operacional rail-to-rail, en el cual apenas hay caídas de tensión. La misma adaptación se utiliza 
para la elevación. 
 
Ilustración 68. Conexión del sensor de inclinación con adaptación de señal 
Por el conector ‘Inclinómetro’ entra la tensión de señal (0,5-4,5 V) e ‘Inclinación’ es la tensión de 





(𝑉𝑒 − 𝑉𝑟𝑒𝑓) (4.3) 
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Como valores de R1 y R2 se escogen 47kΩ, dado que de tomar valores mayores se introduciría 
excesivo ruido en el circuito. Se despeja entonces Vref que se obtiene de un seguidor de emisor y 
un potenciómetro. 
En cuanto al distribuidor hidráulico, funciona a 12 V con una señal digital, por lo que  para pasar 
de +3,3V a +12 V se utilizan transistores NPN, de manera que cuando el PIC envía alguna de las 
4 consignas arriba/abajo y adelante/atrás, los transistores se saturan y conducen la tensión de +12V. 
 
Ilustración 69. Adaptación de la señal, de +3,3 a +12V 
Con todos los dispositivos anteriormente explicados, el esquema de los pines utilizados del PIC 
queda: 
 
Ilustración 70. Entradas y salidas del microcontrolador 
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4.4. Consumos 
El consumo de los principales componentes en la implementación de éste sistema se puede ver 
reflejado en la Tabla 27, en W. 






Sensor CNY70 16 0,2 3,2
Ultrasonidos SRF-10 3 0,075 0,225
Encoder incremental 1 0,2 0,2
Encoder absoluto 1 0,36 0,36
Motor DC 1 3 3
Distanciómentro láser 1 0,001 0,001
Sensor de inclinación 1 0,025 0,025
Escáner de código 1 0,15 0,15
Sensor de presión 1 0,06 0,06
Distribuidor hidráulico 1 30 30
Potenciómetro de hilo 1 0,72 0,72
Bluetooth HC-06 1 0,132 0,132
PIC 6722 1 1 1
Regulador CC 5V 1 3 3
Regulador CC 12V 1 6 6
Regulador CC 24V 1 6 6
54,1TOTAL  
Puede observarse que el consumo total no supera los 55W, por lo que no supone un gran consumo 
para la batería con la que cuenta la carretilla. 
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4.5. Diseño del control 







































Ilustración 71. Diagrama de flujo del programa de control 
Las dimensiones máximas de los palés están determinados por el fabricante, a 1000x1200 mm, y 
eso determina el radio necesario para poder maniobrar sin peligro de chocar.  
El radio de maniobra viene determinado por el ángulo que toma la rueda de giro, que viene 
determinado por: 
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 𝑅𝑎𝑑𝑖𝑜 = √(𝐷𝑖𝑠𝑡. 𝑐𝑒𝑛𝑡𝑟𝑜 𝑔𝑖𝑟𝑜 + 𝑉𝑜𝑙𝑎𝑑𝑖𝑧𝑜 𝑙𝑎𝑡. )2 + (𝑉𝑜𝑙𝑎𝑑𝑖𝑧𝑜 𝑙𝑜𝑛𝑔. )2 (4.4) 
 
 
Ilustración 72. Esquema de la vista en planta del conjunto carretilla + palé 
Donde la distancia al centro del eje viene determinada por: 
 

































Dist. al centro del eje
Voladizo
lateral
Diseño del sistema de control para una carretilla elevadora 
76 
El recorrido se divide según pasillos, columnas y estanterías. La carretilla deberá seguir la línea 
hasta identificar el pasillo deseado. Para facilitar el procesamiento de comandos, se establece que 
las columnas pares se sitúan a la derecha y las impares a la izquierda. Una vez situada enfrente de 
la columna, habrá que posicionar el mástil a 0º y elevar las horquillas hasta la estantería que se 
requiere. 
 
Ilustración 74. Esquema básico del recorrido a seguir 
El ancho mínimo de los pasillos será de 3,5 m para poder maniobrar correctamente; el ancho de 
cada estantería de 1,5 m, el largo de 1,1 m y 1,5 m de alto, sin exceder 1500 kg. Los palés tendrán 
un máximo de 1,2 m de alto y la distancia mínima entre pasillos ha de ser de 5,7 m.  
El programa de control estará dividido en varias partes; la recepción de los datos sensados, el 
procesamiento de los mismos y los algoritmos de control. 
Mediante la comunicación bluetooth se le comunica al PIC el número de pasillos, la longitud de 
los pasillos y la distancia entre pasillos. También se le da la orden de regresar al punto de origen, 
o ir a recoger un palé. 
Los sensores siguelínea están dispuestos equidistantes a lo ancho de la carretilla, 8 en la parte 
delantera y 8 en la parte trasera, cada 121 mm. La línea a seguir ha de ser lo suficientemente ancha 
para poder ser detectada por dos sensores de vez, se establece de un 50% más ancha, con lo que se 
toma el punto medio entre dos sensores, por lo que serían 182 mm. 
Con el Timer 3 del PIC, salta una interrupción cada 0,5 segundos, que  recoge el número de flancos 
del canal A del encoder incremental para realizar el cálculo de la velocidad. 
  
Sentido de la marcha
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El encoder tiene 200 pulsos/vuelta, y la rueda 457,2 mm de diámetro. En los 0,5 segundos, la 














Ilustración 75. Esquema de la rueda en movimiento 
 𝑉[𝑚 𝑠⁄ ] = 𝜔[
𝑟𝑎𝑑
𝑠⁄ ] ∙ 𝑅[𝑚] (4.7) 
Con el canal B del encoder incremental se puede determinar el sentido de la marcha, según la 
coincidencia de los flancos; con cada flanco de subida del canal B, salta una interrupción en la que 
se comprueba si el pulso en el canal A es alto o bajo. En caso de que el pulso sea alto, el sentido 
de la marcha es hacia adelante, en caso contrario está circulando en dirección marcha atrás. 
  
Ilustración 76. Comparación de flancos en función del avance 
Para el control de posición se activarán indistintamente los sensores delanteros o traseros, según 
el sentido de la marcha. El cálculo de la posición, en sentido delantero, se realiza según el esquema 
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Ilustración 77. Esquema de la posición de los sensores siguelínea 
La desviación se calcula tomando como origen del vector de desviación, el eje de pivotamiento de 
la rueda de giro, y como punto final el punto medio de los dos sensores que detectan la línea, de 
tal manera que el ángulo de desviación queda: 
 
𝛿 = 𝑎𝑟𝑐𝑡𝑔
𝑃𝑢𝑛𝑡𝑜 𝑚𝑒𝑑𝑖𝑜 ∙ 𝐷𝑖𝑠𝑡. 𝑚𝑒𝑑𝑖𝑎
𝐷𝑖𝑠𝑡. 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙
 (4.8) 
Como se aprecia en la Ilustración 78 al multiplicar el punto medio entre sensores, en positivo o 
negativo, el ángulo de desviación queda acorde al mismo. 
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La desviación se corrige girando la rueda trasera un ángulo simétrico al ángulo de desviación. 
 
Ilustración 79. Corrección de la desviación hacia adelante 
Los posibles casos según los sensores activos, además del sentido normal de la marcha, son: 
Tabla 28. Casos posibles de la línea 
S1 S2 S3 S4 S5 S6 S7 S8 Caso 
        Parar. Origen de trayectoria 
        Parar. Ningún sensor detectado 
        Eleva e inclinar mástil 
        Parar para depositar palé 
 
 Lectura de sensor = 1 








Sensor con señal a 0
Punto medio entre
sensores
Sensor con señal a 1
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En cuanto a los sensores traseros, se activan cuando la carretilla está circulando marcha atrás. Se 
establece el mismo sistema de coordenadas, de modo que los cálculos se realizan de la misma 
manera. Es necesario tener en cuenta que en éste caso el ángulo de giro es igual al ángulo de 
desviación (ambos en el mismo sentido). 
 
Ilustración 80. Corrección de la desviación marcha atrás 
El encoder para el giro de la rueda tiene un rango de medida de 0 a 360º, siendo la posición de 
180º la referencia, cuando la rueda se encuentra hacia adelante. Con el motor conectado a la 
dirección, se hace girar el volante en un sentido u otro mientras que el error, 180 − 𝛿, sea distinto 
de 0. 
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Como se puede observar en la Ilustración 81, la rueda va 90º a 270º. 
 
Ilustración 82. Relación de giro en el conversor AD 
La velocidad de la carretilla ha depender de si se está tomando una curva o circulando recto, ya 
que para una velocidad excesiva podría haber peligro de vuelco, como se explica en el apartado 
2.2.2. Equilibrio dinámico.  
 
Por otro lado, la velocidad máxima permitida de circulación para una carretilla elevadora es de 10 
km/h [NTP 714], y ha de variar en función del ángulo de giro de la rueda trasera, según la 
Ilustración 83. Estimando el centro de gravedad del conjunto a una altura de 0,3 m sobre el suelo, 
la velocidad de traslación será de 10 km/h hasta los 25º de giro, y a partir de ahí se desplazará, a 1 
km/h menos de la velocidad crítica de vuelco. La relación que calcula la velocidad, queda: 
 𝑉𝑒𝑙𝑜𝑐𝑖𝑑𝑎𝑑 = 118.8 ∙ 𝑎𝑛𝑔−0.78 (4.9) 
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Ilustración 83. Velocidad de circulación en función del ángulo de giro 
La conmutación del tiristor principal, de cuya frecuencia dependa la velocidad de  giro de los 
motores, está regulada con una señal de PWM, generado con el Timer 2. El PWM se calcula con: 
 
𝑇 = (𝑃𝑅2 + 1) ∙
4
𝑓𝑜𝑠𝑐
∙ 𝑃𝑆 (4.10) 
Donde se despeja PR2 que es el período del Timer, PS es el postscaler, que indica cuándo 
desbordar, 𝑓𝑜𝑠𝑐 la frecuencia del oscilador interno, que trabaja a 4 MHz, y T el período de trabajo 
del tiristor, establecido en 10 MHz. 
Una vez calculado el PR2, se calcula la carga del Timer, cuya expresión es: 
 
𝐷 ∙ 𝑇 = 𝑐𝑎𝑟𝑔𝑎 ∙
1
𝑓𝑜𝑠𝑐
∙ 𝑃𝑆 (4.11) 
La relación entre la velocidad deseada en cada momento, teniendo en cuenta que la velocidad 






∙ 𝑉𝑒𝑙𝑜𝑐𝑖𝑑𝑎𝑑 (4.12) 
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Ilustración 84. Carga del PWM según la velocidad 
En cuanto al mástil, la inclinación va de 3º hacia adelante, hasta 8º hacia atrás. Dado que lo común 
es inclinar hacia atrás, el sistema de referencia se establece como en la Ilustración 85 
 
Ilustración 85. Sistema de referencia de la inclinación del mástil 
El sensor de inclinación proporciona una señal de 0 a 5V, con la referencia de 0º a 2,5V, que 
transformados los límites a los valores del PIC, 0-3,3V queda en 1,65V. La relación de grados 
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Ilustración 86. Relación de tensión e inclinación 
 
La señal que recibe el microcontrolador desde el potenciómetro de hilo está limitada también entre 




∙ 𝑉𝑎𝑑 (4.14) 
Una vez se inserta un comando en el dispositivo inalámbrico, según sea depositar en estantería ‘D’ 
o recoger ‘R’ se iniciará la marcha hasta el destino indicado. 
Para detectar que la carga se encuentra sobre las horquillas, se dispone de un final de carrera (NA) 
en el soporte de las mismas, en el mástil, de tal manera que para recoger la carga, la carretilla ha 
de avanzar con las horquillas en la posición más baja hasta que se detecta que el final de carrera 
hace contacto. En ese momento se detendrá, inclinará el mástil hacia atrás y se elevará un mínimo 
15 cm para poder desplazarse correctamente. 
Se inicia la marcha siguiendo la línea hasta el pasillo correspondiente. La identificación, tanto de 
pasillos como estanterías se realiza con el escáner de códigos de barras, conectado al 
microcontrolador por uno de los puertos serie, de tal manera que se genera una interrupción cada 
vez que se detecta un código. 
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El tipo de código de barras utilizado será el Code-39, generado según la Ilustración 87. 
 
Ilustración 87. Ejemplo del código de barras utilizado 
Donde: 
 p00: Pasillo 00 
 c00: Columna 00 
 e00: Estantería 00 
En concreto, la coordenada de la Ilustración 87 es el punto de origen y de recogida.  
El reconocimiento del código se realiza de la forma que, primero se identifica el pasillo y se desvía 
por el mismo. Una vez en el pasillo correcto, se van comprobando las columnas de los estantes, 
hasta identificar el deseado. Para un control más sencillo, las columnas pares se situarán a la 
derecha y las impares a la izquierda.  Por último, las estanterías pueden 1 (altura del suelo), 2 (1,5 
m) o 3 (3 m de altura) 
Una vez identificados pasillo, columna y estantería, se deberá depositar o recoger el palé, 
deteniéndose delante de la estantería y elevando las horquillas la altura necesaria para ello. 
Posteriormente, se retrocederá siguiendo la misma línea, hasta identificar otra vez el código de 
barras. En ese momento se detendrá y cambiará el sentido de la marcha para volver de nuevo al 
punto de recogida. 
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5. DISEÑO MECÁNICO 
Una vez escogidos todos los sensores, es necesario diseñar los soportes aptos donde puedan ir 
fijados los mismos. Loa materiales utilizados serán acero AISI 304 para los ejes y Aluminio 6061. 
Los procesos de fabricación utilizados serán: 
a. Torneado 
Se trata de un proceso orientado a la obtención de piezas de revolución. El movimiento de corte 
se basa en el giro de la pieza, mientras que la herramienta de corte realiza los movimientos de 
avance y penetración, produciéndose un corte continuo. 
Es el proceso de mecanizado más empleado a nivel industrial, rápido, productivo y de elevada 
calidad 
b. Corte por láser 
En el corte mediante láser se utiliza la radiación procedente de la fuente láser para calentar la pieza 
hasta alcanzar la temperatura de fusión, al tiempo que una corriente de gas a presión arrastra el 
material fundido. El haz láser focalizado sobre la pieza tiene unas dimensiones mínimas, de modo 
que modo que actúa como una herramienta puntual. Por tanto la zona afectada térmicamente es 
muy limitada, lo que evita la aparición de distorsiones en piezas que pueden tener contornos muy 
complejos 
c. Plegado de chapa metálica 
Consiste en el doblado de una chapa en prensa tal, que forma un ángulo diedro, de arista más o 
menos redondeada. Se pueden obtener con este procedimiento una amplia variedad de trabajos. 
Al realizar el plegado de chapa en una plegadora ésta se ve sometida a una presión gradual al estar 
situada entre el punzón y la matriz. El plegado de la pieza estará en relación con la fuerza aplicada. 
d. Fresado 
Es un proceso de mecanizado en el que se arrancan virutas utilizando una herramienta de forma 
circular con múltiples filos, llamada fresa. El movimiento principal de corte es circular, y lo realiza 
la fresa al girar sobre su propio eje. A diferencia del torneado, por ejemplo. Los filos de corte no 
trabajan de forma continua, si no sólo durante una parte del giro completo de la fresa. El resto del 
tiempo gira en vacío. 
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A consecuencia de las condiciones de corte discontinuo las fuerzas no son constantes (riesgo de 
vibraciones perjudiciales para la pieza, la máquina y la herramienta). Estos procesos permiten obtener 
una gran diversidad de superficies planas o curvas, ranuras, entalladuras, dentados, etc. 
Todas las chapas serás realizadas en aluminio de 3 mm (a excepción de una biela explicada más 
adelante), cortadas con láser (agujeros incluidos, salvo roscado) y, en caso requerido, plegadas 
posteriormente 
Las modificaciones a realizar se indican en rojo en una vista o detalle de la parte en la que se ha 
de realizar. 
5.1. Selección de modo de trabajo 
En el cuadro de mando, debajo del volante se colocará el interruptor de dos posiciones con el que 
se podrá seleccionar modo manual o automático. 
 
 
Ilustración 88. Interruptor de dos posiciones y lugar donde va montado 
5.2. Sensores siguelínea 
Se dispondrán de dos tipos de soportes para los sensores CNY70 detectores de línea, según se 
dispongan delante o detrás. 
5.2.1. SENSORES DELANTEROS 
Los sensores delanteros irán sujetos en la parte inferior del mástil, y, aunque pudiera variar la 
distancia debida a la inclinación, ésta puede ser admisible ya que el eje de pivotamiento del mástil 
se encuentra en la parte más baja. 
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Ilustración 89. Posición de los siguelíneas delanteros 
El soporte de ambas PCB’s consta de dos chapas de aluminio plegadas y atornilladas. 
La primera pieza (Fijación siguelíneas mástil) tiene forma de L y es la misma a ambos lados del 
mástil.  
 
Ilustración 90. Fijación de los sensores al mástil 
Las piezas que sujetan las placas de los sensores a la anterior (Soporte siguelíneas delantero), son 
dos piezas simétricas, con tres agujeros extras en la parte central para aliviar exceso de peso. A 
éstas piezas se les realizan 4 pliegues, a 45º cada uno, invirtiendo los sentidos, de manera que la 
parte central queda horizontal y más elevada que los extremos. 
 
Ilustración 91. Soporte para atornillar las placas de los sensores 
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Para poder armar éste montaje, primero hay que fijar el “Soporte del siguelíneas delantero” a la 
“Fijación del mástil” y posteriormente la placa PCB de los sensores a la primera. Por último se 
puede fijar todo el conjunto al mástil. 
Es necesario realizar 4 agujeros roscados pasantes, a cada lado del mástil, como se muestra en la 
Ilustración 92. 
 
Ilustración 92. Modificaciones en el mástil para los siguelíneas 
5.2.2. SENSORES TRASEROS 
En la parte trasera de la carretilla, irá fija una sola chapa doblada por cada una de las PCB’s de los 
sensores. Las dos chapas son simétricas e irán atornilladas por la parte inferior de la carretilla, de 
manera que los sensores quedan a 3 mm del suelo. 
 
Ilustración 93. Disposición de los siguelíneas traseros 
Los tornillos y tuercas, de M3, han de ser de plástico o nylon ya que si el aluminio o los tornillos 
entran en contacto con alguna pista de las placas pueden generar un cortocircuito. Tamvién se 
insertará un separador o una arandela de goma entre la chapa de aluminio y la placa de los sensores, 
tanto en los delanteros como los traseros. 
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Ilustración 94. Soporte de los siguelíneas trasero 
La pieza dispone de 4 agujeros ranurados en sentido longitudinal para poder ajustarla durante el 
montaje en la carretilla y de otros 4 en sentido transversal para poder ajustar la distancia entre los 
sensores con mayor precisión. 
En la parte inferior de la carretilla se han de realizar 8 agujeros roscados de M10 y 15 mm de 
longitud. 
 
Ilustración 95. Modificación en el chasis de la carretilla 
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5.3. Detección de choque 
El borde de seguridad que corta la señal cuando sufre un aprisionamiento, irá colocado en la parte 
posterior, encima del hueco de la rueda trasera, de tan manera que en caso de choque la carretilla 
pueda detenerse inmediatamente. 
 
Ilustración 96. Borde de seguridad 
5.4. Control de las ruedas 
El control de las ruedas incluye tanto la velocidad como el ángulo de giro. 
5.4.1. ENCODER INCREMENTAL 
La fijación del encoder incremental constará de tres piezas: 
 La fijación del encoder para que pivote con la rueda 
 Un acoplamiento fijado a la rueda con los 6 tornillos de la misma 
 Un eje que comunica el acoplamiento de la rueda con el encoder 
 
Ilustración 97. Montaje encoder incremental 
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La fijación del encoder está sujeta al soporte de la dirección de la rueda, aprovechando el tornillo 
de fijación que ya posee, pero es necesario realizar otro más pequeño roscado. 
 
Ilustración 98. Pieza donde se fijará el encoder 
Dicho agujero roscado a realizar, puede verse en la Ilustración 98, en una vista inferior de la 
horquilla de dirección. 
 
Ilustración 99. Modificación en la horquilla de la dirección 
La pieza a la que se fija el encoder, mediante tres agujeros roscados, tendrá un gran agujero 
ranurado para aliviar peso de la misma.  
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Ilustración 100. Fijación del encoder incremental 
El acoplamiento de la rueda tendrá forma hexagonal y 6 agujeros para poder fijarse a los tornillos 
de la rueda y girar según la misma. El agujero central tendrá forma de ‘D’ para que el eje que se 
introduce gire igualmente solidario a la propia pieza y la rueda. 
 
Ilustración 101. Acoplamiento de la rueda trasera 
El eje que comunica el acoplamiento con el encoder incremental, realizado por torneado, tiene un 
agujero por el que se introduce el eje de dicho encoder y se fija con un tornillo prisionero de cabeza 
perdida. El otro extremo, que contiene un plano paralelo al eje central, se realiza por fresado y se 
inserta en el agujero del acoplamiento de la rueda. 
Diseño del sistema de control para una carretilla elevadora 
94 
 
Ilustración 102. Eje de conexión del acoplamiento con el encoder incremental 
El primer paso para montar el conjunto es fijar el acoplamiento a la rueda, insertar el eje anterior 
en el agujero, atornillar el encoder a su soporte y éste a la horquilla de la dirección y, por último, 
insertar el eje del encoder en el eje que lo comunica con el acoplamiento. 
5.4.2. ENCODER ABSOLUTO 
El encoder ha de ir coaxial al eje de pivotamiento de la rueda trasera. En la parte interior de la 
carrocería, se encuentra un disco acoplado a dicho eje, en el cual se fijará mediante tornillos el 
encoder absoluto. 
  
Ilustración 103. Lugar donde se situará el encoder absoluto y modificaciones correspondientes 
El disco que se puede apreciar en la Ilustración 104 activa los finales de carrera correspondientes 
que detienen un motor u otro cuando se sobrepasan los 60º de giro en alguno de los dos sentidos. 
Se ha de realizar un orificio de 10 mm de diámetro, en el que se insertará un eje con apriete. 




Ilustración 104. Pieza en la que se insertará el eje del encoder 
El eje estará fabricado en acero, y a su vez tendrá otro agujero de 6 mm de diámetro y 25 mm de 
longitud en el otro extremo en el que se insertará el eje del encoder absoluto e irá fijado con un 
tornillo prisionero. 
 
Ilustración 105. Eje auxiliar del encoder absoluto 
El encoder absoluto irá fijado a una chapa plegada, fabricada en aluminio, cortada por láser y 
atornillada al chasis de la carretilla. 
 
Ilustración 106. Soporte del encoder absoluto 
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5.5. Sensores del mástil 
En el mástil se incluyen el sensor de inclinación, altura y final de carrera para detectar la carga 
5.5.1. POTENCIÓMETRO DE HILO 
El potenciómetro de hilo para medir la altura irá sujeto al mástil por el lado derecho de la carretilla. 
El mástil deberá estar taladrado y roscado para tornillos de M3, a los cuales se fijará dicha pieza 
con unos separadores de 4 mm entre la pieza y el mástil. 
 
Ilustración 107. Soporte potenciómetro de hilo 
Los tres agujeros de las esquinas están roscados para poder fijar el sensor con tornillos de M5. 
Los agujeros a realizar en el mástil se pueden observar en la imagen XX, vista derecha del mástil. 
 
Ilustración 108. Agujeros en el mástil para fijar el potenciómetro 
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El extremo del potenciómetro irá enganchado a la parte al soporte de las horquillas, con una 
extensión del cable en la posición más baja de las horquillas de 286 mm, siendo ésta la altura ‘0’, 
o altura del suelo. 
5.5.2. DETECCIÓN DE PALÉ 
Se fijará el final de carrera a una de las horquillas para que la carretilla se pueda detener cuando la 
carga se encuentra en posición. 
 
Ilustración 109. Agujeros en la horquilla para fijar el final de carrera 
Se realizarán dos agujeros de M4 y 8 mm de profundidad, a 80 mm de distancia desde la base de 
las horquillas, donde irá fijado el final de carrera. 
 
Ilustración 110. Final de carrera en la horquilla 
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5.6. Lector de códigos de barras,  
El lector de códigos irá fijado en el lateral izquierdo de la carretilla, atornillado a una pieza en 
forma de ‘L’ sujeto con dos tornillos que roscan directamente sobre los agujeros.  
 
 
Ilustración 111. Posición del lector de códigos y soporte del mismo 
El soporte del escáner va atornillado a la carrocería de la carretilla mediante 4 tornillos de M4. 
El lector ha de quedar a menos de 200mm del suelo, para poder escanear los códigos 
correctamente. Se realizarán los agujeros en la carretilla según se indica en la Ilustración 112. 
 
Ilustración 112. Modificaciones en el chasis para el escáner de códigos 
5.7. Servo selector de marcha 
Para poder seleccionar el sentido de la marcha, el servomotor escogido irá en la cabina paralelo a 
la palanca selectora. Ambas partes estarán conectadas con una biela hecha en aluminio que se 
podrá poner o quitar según se desee trabajar en modo manual o automático. 
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Ilustración 113. Montaje del servo selector de marcha 
El servo motor, sujeto a la parte central de la cabina con una pieza fabricada a medida, lleva 
atornillado  a las aspas una cruz en la que en uno de los extremos hay un eje de acero ranurado. 
 
Ilustración 114. Biela del servo motor 
Un eje idéntico va solidario a la palanca, atornillado a la brida que abraza el eje de la misma. 
De ésta manera, la biela, fabricada en chapa de aluminio de 2 mm de espesor, se puede introducir 
en ambas ranuras con facilidad cuando se desee poner la carretilla en modo automático. 
 
Ilustración 115. Cruz del servo motor 
La brida de la palanca consta, además del eje que conecta con la biela, de dos piezas con forma de 
semicírculo que se unen mediante 4 tornillos y otro agujero en la parte central de una de las piezas 
para introducir un tornillo que actúe como prisionero, de tal forma que la brida no pueda girar 
sobre sí misma. 
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Ilustración 116. Abrazadera de la palanca 
Se han de realizar por tanto 4 agujeros roscados, de 10 mm de profundidad para poder fijar en 
servomotor, en el lateral de la palanca selectora de marcha. 
 
Ilustración 117. Agujeros a realizar en la estructura 
5.8. Motor de dirección 
Se sujetará el motorreductor que controla la dirección al otro lado del servo de la marcha. 
Una correa dentada será el elemento de unión entre el motor DC y el eje del volante para poder 
tener control sobre la dirección. 
El cálculo para el desarrollo de correa mínimo se realiza según: 






 L es el desarrollo de la correa, en [mm]. 
 Dp es el diámetro primitivo de la mayor rueda dentada 
 dp es el diámetro primitivo de la menor rueda dentada 
 a es la distancia entre ejes (180 mm) 
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Se escogerán, tanto para las poleas como la correa, elementos del fabricante JOCAR de diente 
trapezoidal. Se utilizarán dos tamaños de polea distintos, de manera que se tendrá una reducción 
añadida sobre la que ya dispone el motorreductor. Los modelos utilizados serán: 
 En el motor, modelo 11 XL 037F con 11 dientes y 17,79 mm de diámetro primitivo 
 En el volante, modelo 30 XL 037 con 32 dientes y 51,74 mm de diámetro primitivo 
Con esos datos la longitud de la correa necesaria es de 470,76 mm. 
Ambas poleas cuentan con un tornillo prisionero de cabeza perdida, para girar solidarias al eje en 
el que se encuentran. La polea del volante irá fija con dicho tornillo debajo del volante, y quedará 
fijada. 
En vista de planta, el sistema quedaría: 
 
Ilustración 118. Vista de la correa fijada al volante 
Se dispondrá de 4 agujeros roscados, de M4 y 15 mm de longitud para fijar el motorreductor. 
 
Ilustración 119. Agujeros para fijar el motorreductor 
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Al igual que el resto de los soportes, la pieza a la que se fija el motorreductor de la dirección tendrá 
los agujeros ranurados para poder ajustar la posición, no solo en el plano de la correa, si no también 
verticalmente. 
 
Ilustración 120. Soporte del motorreductor 
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6. PLANOS 
6.1. Mástil 100.000 
6.1.1. Fijación siguelíneas 100.101 
6.1.2. Soporte siguelíneas delantero izquierdo 100.101 
6.1.3. Soporte potenciómetro de hilo 100.201 
 
6.2. Chasis 200.000 
6.2.1. Soporte escáner 200.101 
6.2.2. Soporte siguelíneas trasero 200.201 
6.2.3. Acoplamiento rueda 200.301 
6.2.4. Eje encoder incremental 200.302 
6.2.5. Fijación encoder incremental 200.303 
6.2.6. Soporte encoder absoluto 200.401 
6.2.7. Eje encoder absoluto 200.402 
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6.3. Cabina 300.000 
6.3.1. Soporte motorreductor 300.101 
6.3.2. Soporte servo 300.201 
6.3.3. Cruz servo 300.202 
6.3.4. Eje biela 300.203 
6.3.5. Biela dirección 300.204 
6.3.6. Abrazadera 01 300.205 
6.3.7. Abrazadera 02 300.206 
 
6.4. Electrónica  
6.4.1. Placa principal 400.100 
6.4.2. Placa principal Top 400.101 
6.4.3. Placa principal Bottom 400.102 
6.4.4. Placa sensores 400.200 
6.4.5. Placa sensores Top 400.201 




A ( 1 : 2 )
B ( 1 :2 )
C ( 1 : 2 )
A
B
   ISO 4762 - M4 x 25222
   DIN 128 - A4221
   Final de carrera120
   DIN 912 - M5 x 30315
   ISO 4762 - M2,5 x 8814
   ISO 4762 - M5 x 10413
   DIN 128 - A3812
   DIN 6912 - M4 x 10211
   ISO 4762 - M4 x 10810
   DIN 128 - A5129
   DIN 7991 - M3x1248
   Potenci?metro de hilo17
   Placa sensores26
   Sensor inclinaci?n15
  Aluminio 6061Separador; Dext=6mm, Dint=4mm, 
L=4mm
44
0,07100.201Aluminio 6061Soporte pot. de hilo13
0,11101.102Aluminio 6061Soporte siguelineas del.22
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A ( 1 : 2 )
B ( 1 : 2 )
C ( 1 : 2 )
D ( 1 : 2 )
   DIN 913 - M3 x 8124
   DIN 7984 - M10 x 20822
   DIN 128 - A10821
   DIN 912 - M5 x 8420
   ISO 4762 - M3 x 5319
   DIN 128 - A2,5318
   DIN 128 - A4417
   ISO 4762 - M3 x 8816
   DIN 912 - M3 x 6415
   ISO 4762 - M3 x 30214
   DIN 128 - A3813
   ISO 4036 - M3813
   DIN 912 - M4 x 6412
   Escaner c?digos111
   Placa siguel?nea210
   Encoder incremental19
   Encoder absoluto18
 200.402AISI 304Eje encoder abs.17
0,3200.401Aluminio 6061Soporte encoder abs.16
0,1200.303Aluminio 6061Fijaci?n encoder incr.15
0,1200.302AISI 304Eje encoder incremental14
0,2200.301Aluminio 6061Acoplamiento rueda13
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A ( 1 : 2 )
B ( 1 : 2 )
   ISO 4762 - M3 x 30222
   DIN 128 - A3221
   ISO 4762 - M3 x 12420
   ISO 4762 - M4 x 8819
   ISO 4762 - M3 x 10418
   DIN 128 - A3,5417
   DIN 913 - M4 x 10116
   ISO 4032 - M4315
   ISO 7091 - ST 4 - 100 HV314
   ISO 4762 - M5 x 12213
   ISO 4762 - M4 x 12312
   DIN 128 - A5611
   DIN 128 - A41110
   Servo selector19
   Motor direcci?n18
 300.206Aluminio 6061Abrazadera palanca_0217
 300.205Aluminio 6061Abrazadera palanca_0116
 300.204Aluminio 6061Biela direccio?n15
 300.203Acero, suaveEje biela24
 300.202Aluminio 6061Cruz servo13
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7. PRESUPUESTO 
El presupuesto general de la implementación del sistema anteriormente descrito se divide en dos 
partes: 
 Una explicación detallada de la parte electrónica, donde se especifica por un lado los 
sensores y actuadores para llevar a cabo al automatización, y por otro lado todos los 
componentes de la placa de control 
 Por otro lado, se desglosa también el coste de la parte mecánica, que incluye tanto el 
material como el coste de las horas del operario necesario para fabricar. 
7.1. Diseño electrónico 
7.1.1. SENSORES Y ACTUADORES 
COMPONENTE CTDAD. P/UNIDAD [€] SUBTOTAL [€]
Sensor CNY70 16 1,44 23,04
Interruptor de dos posiciones 1 1,83 1,83
Encoder incremental 1 187,84 187,84
Encoder absoluto monovuelta 1 365,12 365,12
Motor DC 1 123,5 123,5
Potenciómetro de hilo 1 23,47 23,47
Sensor de inclinación 1 186,24 186,24
Escáner de código 1 298,87 298,87
Servo motor 1 11,35 11,35
Final de carrera 1 7,84 7,84
Distribuidor hidráulico 1 294,36 294,36
Regulador CC 5V 1 18,69 18,69
Regulador CC 12V 1 41,41 41,41
Regulador CC 24V 1 30,32 30,32
1613,88TOTAL  
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7.1.2. COMPONENTES ELECTRÓNICOS 
COMPONENTE VALOR CTDAD. P/UNIDAD [€] SUBTOTAL [€]
0,33 μF 1 0,8 0,8
0,1 μF 1 0,8 0,8
1 nF 3 0,8 2,4
47 k 12 0,02 0,24
4k7 4 0,02 0,08
5k6 1 0,02 0,02
10 k 6 0,02 0,12
7833 1 2,55 2,55
ADA 4651 6 2,81 16,86
4049 1 0,83 0,83
Transistores NPN 6 0,19 1,14
Zener 4 0,37 1,48
10A01 4 0,042 0,168
T-block M2 4 2,30 9,2
T-block M3 1 2,30 2,3
T-block M4 1 2,30 2,3
T-block M5 1 2,30 2,3
T-block M6 1 2,30 2,3
Sil-100 1 1 1
Puente H L293 1 3,75 3,75
Bluetooth HC-06 1 6,75 6,75








7.2. Diseño mecánico 
Los materiales necesarios con una chapa de aluminio de 1200x1200mm y un eje de acero de 25 
mm de diámetro. 
MATERIAL CTDAD. SUBTOTAL [€]
Chapa de aluminio 3mm 1200x1200 mm 124,23




CONCEPTO Nº Horas €/HORA SUBTOTAL [€]
Oficial de taller 20 35 700
Diseño  e Ingeniería 704 40 28160
28860TOTAL  
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7.3. Resumen del presupuesto total 
A continuación se presenta un resumen de los precios anteriormente detallados 
Concepto Euros 
Sensores y actuadores 1613,88 
Componentes electrónicos 64,25 
Material mecánico 189,78 
Fabricación 28860 
Beneficio industrial (8 %) 2458,23 
Gastos generales (13 %) 3994,63 
Total 37180,77 
  
21,00% I.V.A. 7807,96 
 
TOTAL PRESUPUESTO: 44988,73€ 
 
Asciende el presupuesto final a la expresada cantidad de CUARENTA Y CUATRO MIL 
NOVECIENTOS OCHENTA Y OCHO EUROS CON SETENTA Y TRES CENTIMOS 
A 15 de Julio de 2015 
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2:  //////////Máster Universitario de Ingeniería Mecatrónica//////////////
3:  ///////Diseño del control automático de una carretilla elevadora//////
4:  /////////////////Realizado por: Pablo López Reguera///////////////////
5: 
6:  #include "18F6722.h"    //Librería del PIC a utilizar
7:  #device adc=10    //Conversor AD de 10 bits
8:  #include <stdio.h>      //Librerías estándar de la programación en C
9:  #include <stdlib.h>
10:  #include <string.h>
11:  #include <ctype.h>
12:  #include <math.h>
13:  #fuses NOWDT, NOLVP, INTRC
14:  #use delay (clock=4000000)    //Reloj interno a 4Mhz
15:  //Definición de los puertos serie; Escáner de códigos y bluetooth
16:  #use rs232 (stream=SC,baud=9600,XMIT=PIN_C6,RCV=PIN_C7,BITS=8,PARITY=N)
17:  #use rs232 (stream=BT,baud=9600,XMIT=PIN_G1,RCV=PIN_G2,BITS=8,PARITY=N)
18: 
19:  #define max_duty 400    //Máximo PWM para el control de velocidad con el SCR
20:  #define dist_sensores 121.0   //Distancia horizontal entre sensores CNY70
21:  #define dist_sens_delan 1600.0     //Distancia de la rueda trasera a los sens.delan
22:  #define dist_sens_tras 200.0  //Distancia de la rueda trasera a los sens. traseros
23:  //Distancia del potenciómetro de hilo cuando las horquillas se encuentran en el sue
24:  #define minima_altura 286.0
25: 
26:  ///////Direcciones de memoria del PIC18F6722
27:  //Registro de puertos; Lectura de datos
28:  #byte porta=0xF80
29:  #byte portb=0xF81
30:  #byte portc=0xF82
31:  #byte portd=0xF83
32:  #byte porte=0xF84
33:  #byte portf=0xF85
34:  #byte portg=0xF86
35:  //Registro de LAT; Salida de consignas
36:  #byte lata=0xF89
37:  #byte latb=0xF8A
38:  #byte latc=0xF8B
39:  #byte latd=0xF8C
40:  #byte late=0xF8D
41:  #byte latf=0xF8E
42:  #byte latg=0xF8F
43: 
44:  //Regustro de los timers
45: 
46:  ////////TIMER 1
47:  #byte TMR1H=0xFCF    
48:  #byte TMR1L=0xFCE
49:  #byte T1CON=0xFCD
50:  #bit TMR1ON=T1CON.0
51:  ////////TIMER 2
52:  #byte CCPR5H=0xF72
53:  #byte CCPR5L=0xF71
54:  #byte CCP5CON=0xF70
55:  ////////TIMER 3
56:  #byte TMR3H=0xFB3
57:  #byte TMR3L=0xFB2
58:  #byte T3CON=0xFB1
59:  #bit TMR3ON=T3CON.0
60:  ///////TIMER 4
61:  #byte CCPR4H=0xF75
62:  #byte CCPR4L=0xF74
63:  #byte CCP4CON=0xF73
64: 
65:  //Puertos serie
66:  #byte TXSTA1=0xFAD
67:  #byte RCSTA1=0xFAB
 1
C:\PABLO\Mecatrónica\Proyecto Carretilla\01_Diseño electrónico\00_Programacion\PIC18F672
68:  #bit OERR1=RCSTA1.1    //Error de exceso de datos
69:  #bit FERR1=RCSTA1.2    //Bit de empaquetado
70:  #bit CREN1=RCSTA1.4    //Reinicia el puerto serie
71:  #byte TXSTA2=0xF6C
72:  #byte RCSTA2=0xF6B
73:  #bit OERR2=RCSTA2.1
74:  #bit FERR2=RCSTA2.2
75:  #bit CREN2=RCSTA2.4
76:  //Conversion A/D
77:  #byte ADRESH=0xFC4
78:  #byte ADRESL=0xFC3
79:  #byte ADCON1=0xFC1
80:  #bit PCFG0=ADCON1.0
81:  //Registro de I/O
82:  #byte trisa=0xF92
83:  #byte trisb=0xF93
84:  #byte trisc=0xF94
85:  #byte trisd=0xF95
86:  #byte trise=0xF96
87:  #byte trisf=0xF97
88:  #byte trisg=0xF98
89: 
90:  //Interrupcion por flanco de encoder
91:  #bit carga=portb.0
92:  //#bit sentido=portb.2
93:  #bit encoder=portc.0
94:  //Senore de trayectoria CNY70
95:  #bit s1=portd.0
96:  #bit s2=portd.1
97:  #bit s3=portd.2
98:  #bit s4=portd.3
99:  #bit s5=portd.4
100:  #bit s6=portd.5
101:  #bit s7=portd.6
102:  #bit s8=portd.7
103: 
104:  //Activar sensores
105:  #bit s_delanteros=late.0
106:  #bit s_traseros=late.1
107:  //Control de velocidad del tiristor con PWM
108:  #bit control_scr=late.2
109:  //Valvulas hidráulicas
110:  #bit subir=late.3
111:  #bit bajar=late.4
112:  #bit h_adelante=late.5
113:  #bit h_atras=late.6
114:  //Activar puente en H de control de la dirección
115:  #bit puente_on=late.7
116:  //Direccion de giro del puente H (motor del volante)
117:  #bit giro_volante=latg.3
118:  //Si giro=0 --> giro horario
119:  //Si giro=1-->  giro antihorario 
120: 
121:  //VARIABLES GLOBALES
122:  int contador_timer=0;      //Veces que salta la interrupcion cada 0.5s
123: 
124:  float ang_giro=0;    //Almacena el valor LEIDO del encoder absoluto en bits [grad]
125:  float altitud=0;     //Almacena el valor LEIDO de la altura de las horquillas [mm]
126:  float inclinacion=0;    //Almacena el valor LEIDO de inclinación del mástil
127:  long int pulsos_encoder=0; //Pulsos del canal A(Timer 1)
128:  float velo=0;     //Velocidad actual de la carretilla
129:  float alt_destino=0;    //Altura a la que hay que llevar el mástil
130: 
131:  int con_carga=0;    //Variable que cambia según haya carga o no en las horquillas
132: 




135:  //Control por comandos
136:  char *comando[];
137:  int pos_cmd=0;
138:  int fin_cmd=0;
139:  ///Lectura de codigo escaneado
140:  int lectura=0;
141:  char escaneado[6];
142:  char destino[]="p00c00e00";
143:  ////Choque marcha atras
144:  int choque=0;
145:  //POsicion en la que se encuentra
146:  int pasillo=0;
147:  int columna=0;
148:  int estante=0;
149:  //Coordenadas de destino
150:  int pasillo_dest=0;
151:  int columna_dest=0;
152:  int estante_dest=0;
153: 
154:  float Bits_grados(int bit)
155:  //Conversion AD del encoder absoluto(giro de la rueda)
156:  {
157:    float grados=0;
158:    grados=0.352*(float)bit;
159:    return grados;
160:  }
161:  float Ang_Mastil(int bits)
162:  //Conversión AD del sensor de inclinacion
163:  {
164:    float ang_inclinacion=0;
165:    ang_inclinacion=3.03*bits;
166:    return ang_inclinacion;
167:  }
168:  float Altura(int bits)
169:  //Conversion AD del potenciómetro de hilo
170:  {
171:    float elevacion=0;
172:    elevacion=1515.152*bits;
173:    return elevacion-minima_altura;
174:  }
175:  float Velocidad(int pulso)   
176:  //Conversión de los pulsos contados a velocidad [km/h]
177:  {
178:    float speed=0;
179:    pulso=pulso*2;
180:    speed=60*(float)pulsos_encoder/200;
181:    return speed;
182:  }
183:  float Angulo_Desviacion(float dist_hor)
184:  //Angulo a corregir cuando la línea se desvia
185:  {
186:    float ang_error=0;      //Ángulo de error
187:    if(s_delanteros && !s_traseros)
188:       ang_error=atan(dist_hor/dist_sens_delan)*57.3;
189:    if(!s_delanteros && s_traseros)
190:       ang_error=atan(dist_hor/dist_sens_tras)*57.3;      
191:    return ang_error;
192:  }
193:  float Velocidad_Angulo(float angulo)
194:  //Control de la velocidad en función del ángulo
195:  {
196:    float velocidad=0;   //Velocidad en km/h
197:    if (angulo<25 || angulo>-25)
198:       velocidad=10;
199:    else
200:       velocidad=pow(118.8,-0.78);




203:  void VelocidadSCR(float velocidad_refe)
204:  //Conversión de la velocidad [km/h] a PWM
205:  {
206:    long int pwm=0;
207:    float velocidad=velocidad_refe;
208:    if (s_traseros && !s_delanteros)
209:       velocidad=2;
210:    else
211:       velocidad=0;
212:    if(velocidad_refe>10 || velo>10)
213:       velocidad=10;
214:    pwm=40*(long int)velocidad;
215:    set_pwm5_duty(pwm);
216:  }
217:  void GirarVolante(float girar_grados)
218:  //Girar el volante hasta el ángulo necesario
219:  {
220:    puente_on=1;   //Activar el puente H
221:    girar_grados=180+girar_grados;   //Cambio de referencia (180º (encoder)=0º (refe
222:    if (girar_grados>180)     //Rueda a izqda; destino derecha
223:    {
224:       do{
225:          set_adc_channel(1);
226:          delay_us(20);
227:          ang_giro=Bits_grados(read_adc());   //Grados de giro del volante
228:          giro_volante=0;
229:       }while(ang_giro<=girar_grados);
230:    }
231:    if (girar_grados<180)     //Rueda a dcha; destino izquierda
232:    {
233:       do{
234:          set_adc_channel(1);
235:          delay_us(20);
236:          ang_giro=Bits_grados(read_adc());   //Grados de giro del volante
237:          giro_volante=1;
238:       }while(ang_giro>=girar_grados);
239:    }
240:    if (girar_grados==180)
241:    {
242:       set_adc_channel(1);
243:       delay_us(20);
244:       ang_giro=Bits_grados(read_adc());   //Grados de giro del volante
245:       if (ang_giro>girar_grados)
246:       {
247:          do{
248:             set_adc_channel(1);
249:             delay_us(20);
250:             ang_giro=Bits_grados(read_adc());   //Grados de giro del volante
251:             giro_volante=1;
252:          }while(ang_giro>girar_grados);
253:       }
254:       if (ang_giro<girar_grados)
255:       {
256:          do{
257:             set_adc_channel(1);
258:             delay_us(20);
259:             ang_giro=Bits_grados(read_adc());   //Grados de giro del volante
260:             giro_volante=1;
261:          }while(ang_giro<girar_grados);
262:       }
263:    }
264:    else
265:       giro_volante=0;
266:    puente_on=0;   





270:  void Mastil(float elevar, float ang_inclinacion)   
271:  //Función que controla el mástil, en altura e inclinación
272:  {
273:    //Leer altura
274:    set_adc_channel(0);
275:    delay_us(20);
276:    altitud=Altura(read_adc());
277:    //Controlar altura
278:    if (altitud<elevar)
279:    {
280:       do{
281:          set_adc_channel(0);
282:          delay_us(20);
283:          altitud=Altura(read_adc());
284:          subir=1;
285:          bajar=0;
286:       }while(altitud<elevar);
287:    }
288:    else if (altitud>elevar)
289:    {
290:       do{
291:          set_adc_channel(0);
292:          delay_us(20);
293:          altitud=Altura(read_adc());
294:          bajar=1;
295:          subir=0;
296:       }while(altitud>elevar);
297:    }
298:    else
299:    {
300:       subir=0;
301:       bajar=0;
302:    }
303:    //Leer inclinación
304:    set_adc_channel(2);
305:    delay_us(20);
306:    inclinacion=Ang_Mastil(read_adc());
307:    //Controlar inclinacion
308:    if (inclinacion>ang_inclinacion)
309:    {
310:       do{ 
311:          set_adc_channel(2);
312:          delay_us(20);
313:          inclinacion=Ang_Mastil(read_adc());
314:          h_adelante=1;
315:          h_atras=0;
316:       }while(inclinacion>ang_inclinacion);
317:    }
318:    else if (inclinacion<ang_inclinacion)
319:    {
320:       do{ 
321:          set_adc_channel(2);
322:          delay_us(20);
323:          inclinacion=Ang_Mastil(read_adc());
324:          h_atras=1;
325:          h_adelante=0;
326:       }while(inclinacion<ang_inclinacion);
327:    }
328:    else
329:    {
330:       h_adelante=0;
331:       h_atras=0;
332:    }
333:  }
334:  float Estanteria (int estante)




337:    float mm=0;
338:    switch(estante)
339:    {
340:       case '1':  
341:          mm=0;
342:          break;
343:       case '2':
344:          mm=1500;
345:          break;
346:       case '3':
347:          mm=3000;
348:    }
349:  }
350:  void SeleccionMarcha(int marcha)    
351:  //Seleccion del sentido de la marcha; 1:adelante, 0:atras
352:  {
353:    long int pwm;
354:    long int grados;
355:    if (marcha)
356:       set_pwm4_duty(375);
357:    else
358:       set_pwm4_duty(0);
359:  }
360: 
361:  void Codificacion(char* cod)
362:  //Identificar pasillo, columna y estantería
363:  {
364:    int num[];
365:    char letra;
366:    int pos=0,n=0,l=0,i=0;
367:    while(cod[pos]!="NULL")
368:    {
369:       if (isalpha(cod[pos]))
370:       {
371:          letra=cod[pos];
372:          l++;
373:          pos++;         
374:       }
375:       else
376:       {
377:          while (isdigit(cod[pos]))
378:          {
379:                num[n]=cod[pos];
380:                n++;
381:                pos++;
382:          }
383:          n=0;
384:          switch (letra)
385:          {
386:             case 'p':
387:             case 'P':
388:                for(i=0;i<=sizeof(num);i++)
389:                {
390:                   pasillo=num[n];
391:                   num++;
392:                   pasillo=10*pasillo+num[n];
393:                   num++;
394:                }
395:                break;
396:            case 'c':
397:            case 'C':
398:                for(i=0;i<=sizeof(num);i++)
399:                {
400:                   columna=num[n];
401:                   num++;
402:                   columna=10*columna+num[n];
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403:                   num++;
404:                }
405:                break;
406:            case 'e':
407:            case 'E':
408:                for(i=0;i<=sizeof(num);i++)
409:                {
410:                   estante=num[n];
411:                   num++;
412:                   estante=10*estante+num[n];
413:                   num++;
414:                }
415:                break;
416:            default:
417:                break;
418:          }
419:       }
420:    }
421:  }
422:  void Codificacion_destino(char* cod)
423:  //Descodificar los códigos escaneados
424:  {
425:    int num[];
426:    char letra;
427:    int pos=0,n=0,l=0,i=0;
428:    while(cod[pos]!=13)
429:    {
430:       if (isalpha(cod[pos]))
431:       {
432:          letra=cod[pos];
433:          l++;
434:          pos++;
435:       }
436:       else
437:       {
438:          while (isdigit(cod[pos]))
439:          {
440:                num[n]=cod[pos];
441:                n++;
442:                pos++;
443:          }
444:          n=0;
445:          switch (letra)
446:          {
447:             case 'p':
448:             case 'P':
449:                for(i=0;i<=sizeof(num);i++)
450:                {
451:                   pasillo_dest=num[n];
452:                   num++;
453:                   pasillo_dest=10*pasillo_dest+num[n];
454:                   num++;
455:                }
456:                break;
457:            case 'c':
458:            case 'C':
459:                for(i=0;i<=sizeof(num);i++)
460:                {
461:                   columna_dest=num[n];
462:                   num++;
463:                   columna_dest=10*columna_dest+num[n];
464:                   num++;
465:                }
466:                break;
467:            case 'e':
468:            case 'E':
469:                for(i=0;i<=sizeof(num);i++)
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470:                {
471:                   estante_dest=num[n];
472:                   num++;
473:                   estante_dest=10*estante_dest+num[n];
474:                   num++;
475:                }
476:                break;
477:            case 'o':
478:            case 'O':
479:                destino="p00c00e00";
480:                break;
481:            case 'd':
482:            case 'D':
483:                depositar=1;
484:                break;
485:            case 'r':
486:            case 'R':
487:                depositar=0;
488:            default:
489:                break;
490:          }
491:       }
492:    }
493:  }
494:  void ProcesarCMD(char* cmd)
495:  //Procesar los comandos
496:  {
497:    //texto=strstr(cmd,*n);
498:    char c;
499:    int num=0;
500:    int pos=0;
501:    //Estanteria y pasillo en que se encuentra
502:    int pasi=0;
503:    int estan=0;
504:    Codificacion_destino(cmd);
505:    if (pasillo==pasillo_dest)
506:    {
507:       VelocidadSCR(Velocidad_Angulo(-30));
508:       GirarVolante(-30);
509:       VelocidadSCR(5);
510:       if(columna==columna_dest)
511:       {
512:          VelocidadSCR(3);
513:          if(columna_dest%2==0)
514:             GirarVolante(30);
515:          else
516:             GirarVolante(-30);
517:       }
518:    }
519:    
520:  }
521:  void SigueLinea()
522:  //Función que realiza el control de posción
523:  {
524:    switch (portd)
525:    {
526:       case 0b10000000:  //Desviacion a izqda s1
527:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(-3.5*dist_sensores)));
528:          GirarVolante(Angulo_Desviacion(-3.5*dist_sensores));
529:          break;
530:       case 0b00000001:  //Desviacion a izqda s8
531:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(3.5*dist_sensores)));
532:          GirarVolante(Angulo_Desviacion(3.5*dist_sensores));
533:          break;
534:       case 0b11000000:  //Desviacion a izqda s1 y s2
535:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(-3*dist_sensores)));
536:          GirarVolante(Angulo_Desviacion(-3*dist_sensores));
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537:          break;
538:       case 0b00000011:  //Desviacion a izqda s7 y s8
539:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(3*dist_sensores)));
540:          GirarVolante(Angulo_Desviacion(3*dist_sensores));
541:          break;
542:       case 0b01000000:  //Desviación a dcha s2
543:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(-2.5*dist_sensores)));
544:          GirarVolante(Angulo_Desviacion(-2.5*dist_sensores));
545:          break;
546:       case 0b00000010:  //Desviación a izqda s7
547:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(3.5*dist_sensores)));
548:          GirarVolante(Angulo_Desviacion(3.5*dist_sensores));
549:          break;
550:       case 0b01100000:  //Desviacion a dcha s2 y s3
551:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(-2*dist_sensores)));
552:          GirarVolante(Angulo_Desviacion(-2*dist_sensores));
553:          break;
554:       case 0b00000110:  //Desviacion a izqda s6 y s7
555:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(2*dist_sensores)));
556:          GirarVolante(Angulo_Desviacion(2*dist_sensores));
557:          break;
558:       case 0b00100000:  //Desviación a dcha s3
559:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(-1.5*dist_sensores)));
560:          GirarVolante(Angulo_Desviacion(-1.5*dist_sensores));
561:          break;
562:       case 0b00000100:  //Desviación a izqda s6
563:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(1.5*dist_sensores)));
564:          GirarVolante(Angulo_Desviacion(1.5*dist_sensores));
565:          break;
566:       case 0b00110000:  //Desviacion a dcha s3 y s4
567:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(-1*dist_sensores)));
568:          GirarVolante(Angulo_Desviacion(-dist_sensores));
569:          break;
570:       case 0b00001100:  //Desviacion a izqda s5 y s6
571:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(dist_sensores)));
572:          GirarVolante(Angulo_Desviacion(dist_sensores));
573:          break;
574:       case 0b00010000:  //Desviación a dcha s4
575:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(-0.5*dist_sensores)));
576:          GirarVolante(Angulo_Desviacion(0.5*dist_sensores));
577:          break;
578:       case 0b00001000:  //Desviación a izqda s5
579:          VelocidadSCR(Velocidad_Angulo(Angulo_Desviacion(0.5*dist_sensores)));
580:          GirarVolante(Angulo_Desviacion(0.5*dist_sensores));
581:          break;
582:       case 0b00011000:  //s4 y s5; Todo recto
583:          VelocidadSCR(Velocidad_Angulo(0));
584:          break;
585:       case 0b00000000:     //No se detecta línea
586:          VelocidadSCR(0);
587:          puente_on=0;
588:          fprintf(BT,"ERROR DE LÍNEA");
589:          break;
590:       case 0b11111111:   //Punto de origen
591:          /*Si 'COMANDO' --> arrancar y activar volante*/
592:          if(destino!="p00c00e00")
593:          {
594:             if(depositar==1)
595:                VelocidadSCR(2);
596:             else
597:                VelocidadSCR(10);
598:          }
599:          break;
600:  //!      





604:  #int_ext    
605:  //Final de carrera de sensor de carga
606:  void Final_Carrera()
607:  {
608:    if(carga==1)
609:       Mastil(150,8);
610:  }
611:  #int_ext1  
612:  //Interrupción por choque con el borde de seguridad
613:  void Accidente()
614:  {
615:    set_pwm5_duty(0);
616:    choque=1;
617:    while (!choque)
618:    {}
619:  }
620:  #int_ext2   
621:  //Determinar el sentido de la marcha
622:  void Sentido_marcha()
623:  {
624:    if(encoder) //Adelante
625:    {
626:       s_delanteros=1;
627:       s_traseros=0;
628:    }
629:    else if(!encoder) //Atras
630:    {
631:       s_delanteros=0;
632:       s_traseros=1;
633:    }
634:    else    //Parado
635:    {
636:       s_delanteros=0;
637:       s_traseros=0;
638:    }
639:  }
640:  #int_timer3    //Contar 0.5s con Timer 3
641:  void Tiempo()
642:  {
643:    //int flanco=0;
644:    set_timer3(3036);
645:    contador_timer++;
646:    pulsos_encoder=get_timer1();
647:    set_timer1(0);
648:    velo=Velocidad(pulsos_encoder);
649:    if (contador_timer>=120)
650:       contador_timer=0;
651:  }
652:  #int_rda 
653:  //Interrupción del escáner de códigos
654:  void Scan()
655:  {
656:    lectura=1;
657:    delay_us(20);
658:    fgets(escaneado,SC);
659:    Codificacion(escaneado);
660:    lectura=0;




665:  //Interrupción de los comandos
666:  void BlueTooth()
667:  {
668:    VelocidadSCR(0);
669:    comando[pos_cmd]=fgetc(BT);
670:    fputc(comando[pos_cmd],BT);
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671:    pos_cmd++;
672:    if(comando[pos_cmd]==13)
673:    {
674:       pos_cmd=0;
675:       fin_cmd=1;





681:    
682: 
683:    setup_timer_1(T1_EXTERNAL);     //Contar pulsos de encoder incremental
684:    setup_timer_2(T2_DIV_BY_16,99,1);         //Control de SCR
685:    setup_timer_3(T3_INTERNAL | T3_DIV_BY_8);    //Contar 0.5s con TMR3 (Prescaler d
686:    setup_timer_4(T4_DIV_BY_16,93,1);     //Control de servo selector de marcha
687:    
688:    enable_interrupts(INT_EXT2_L2H);
689:    
690:    enable_interrupts(INT_RDA);
691:    enable_interrupts(INT_RDA2);
692:    
693:    setup_ccp4(CCP_PWM);
694:    setup_ccp5(CCP_PWM);       //PWM SCR
695:    //Puertos analógicos
696:    setup_adc_ports(AN0_TO_AN1);
697:    setup_adc(ADC_CLOCK_INTERNAL);
698:    setup_oscillator(OSC_4MHZ);
699:    trisd=0b11111111;       //Entrada de lo sensores
700:    trise=0b00000000;       //Salidas de las valvulas
701:    trisf=0b11111111;
702:    trisg=0b100100;
703: 
704:    if(OERR1==1 && OERR2==1)
705:    {
706:       CREN1=0;
707:       CREN1=1;
708:       CREN2=0;
709:       CREN2=1;
710:    }
711:    fprintf(BT,"********  COMANDOS BLUETOOTH  ********");
712:    fprintf(BT,"\n\rOrdenes disponibles:\n\r\n\r");
713:    fprintf(BT,"-O: Punto de origen\n\r
714:       -P: Pasillo de destino\n\r
715:       -C: Columna\n\r
716:       -E: Estanteria\n\r");
717:    //set_timer0(59464);
718:    SeleccionMarcha(1);
719:    set_timer3(3036);    //Contador de 0.5 segundos
720:    enable_interrupts(GLOBAL); //Habilitar todas las interrupciones
721:    while(1)
722:    {
723:       if (!choque)
724:       {
725:          if(fin_cmd==1)
726:          {
727:             ProcesarCMD(&comando);
728:             fin_cmd=0;
729:             SigueLinea();
730:             if (portd==0b00111100) //Estantería. Parar y colocar mástil para deposi
731:             {
732:                VelocidadSCR(0);
733:                Mastil(Estanteria(estante_dest)+100,0);
734:                VelocidadSCR(2);
735:             }
736:             if (portd==0b01011010)  //Depositar carga y retroceder a la línea princ
737:             {
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738:                VelocidadSCR(0);
739:                Mastil(Estanteria(estante_dest),0);
740:                SeleccionMarcha(0);
741:                do{
742:                   SigueLinea();
743:                }while(!lectura);
744:                VelocidadSCR(0);
745:                SeleccionMarcha(1);
746:                destino="p00c00e00";
747:             }
748:          }
749:                   
750:       }
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Power Management Features:
• Run: CPU On, Peripherals On
• Idle: CPU Off, Peripherals On
• Sleep: CPU Off, Peripherals Off
• Ultra Low 50 nA Input Leakage
• Run mode Currents Down to 25 μA Typical
• Idle mode Currents Down to 6.8 μA Typical
• Sleep mode Current Down to 120 nA Typical
• Timer1 Oscillator: 900 nA, 32 kHz, 2V
• Watchdog Timer: 1.6 μA, 2V Typical
• Two-Speed Oscillator Start-up
Flexible Oscillator Structure:
• Four Crystal modes, up to 40 MHz
• 4x Phase Lock Loop (PLL) – Available for Crystal 
and Internal Oscillators
• Internal Oscillator Block:
- Fast wake from Sleep and Idle, 1 μs typical
- Provides a complete range of clock speeds 
from 31 kHz to 32 MHz when used with PLL
- User-tunable to compensate for frequency drift
• Secondary oscillator using Timer1 @ 32 kHz
• Fail-Safe Clock Monitor:
- Allows for safe shutdown if peripheral clock stops
Peripheral Highlights:
• High-Current Sink/Source 25 mA/25 mA
• Three Programmable External Interrupts
• Four Input Change Interrupts
• Enhanced Capture/Compare/PWM (ECCP) 
module (40/44-pin devices only):
- One, two or four PWM outputs
- Programmable dead time
- Auto-shutdown and auto-restart
Peripheral Highlights (Continued):
• Up to 2 Capture/Compare/PWM (CCP) modules, 
one with Auto-Shutdown (28-pin devices)
• Master Synchronous Serial Port (MSSP) module 
Supporting 3-Wire SPI (all 4 modes) and I2C™ 
Master and Slave modes
• Enhanced Addressable USART module:
- Supports RS-485, RS-232 and LIN/J2602
- RS-232 operation using internal oscillator 
block (no external crystal required)
• 10-Bit, up to 13-Channel Analog-to-Digital (A/D) 
Converter module:
- Conversion available during Sleep
• Dual Analog Comparators with Input Multiplexing
• Programmable 16-Level High/Low-Voltage 
Detection (HLVD) module
Special Microcontroller Features:
• C Compiler Optimized Architecture
• 100,000 Erase/Write Cycle Enhanced Flash 
Program Memory Typical
• 1,000,000 Erase/Write Cycle Data EEPROM 
Memory Typical
• Flash/Data EEPROM Retention: 100 Years Typical
• Self-Programmable under Software Control
• Priority Levels for Interrupts
• 8 x 8 Single-Cycle Hardware Multiplier
• Extended Watchdog Timer (WDT):
- Programmable period from 4 ms to 131s
• Single-Supply 5V In-Circuit Serial Programming™ 
(ICSP™) via Two Pins
• In-Circuit Debug (ICD) via Two Pins
• Wide Operating Voltage Range: 2.0V to 5.5V
• Programmable Brown-out Reset (BOR) with 
Software Enable Option
Device




















































PIC18F6527 48K 24576 3936 1024 54 12 2/3 2 Y Y 2 2 2/3 N
PIC18F6622 64K 32768 3936 1024 54 12 2/3 2 Y Y 2 2 2/3 N
PIC18F6627 96K 49152 3936 1024 54 12 2/3 2 Y Y 2 2 2/3 N
PIC18F6722 128K 65536 3936 1024 54 12 2/3 2 Y Y 2 2 2/3 N
PIC18F8527 48K 24576 3936 1024 70 16 2/3 2 Y Y 2 2 2/3 Y
PIC18F8622 64K 32768 3936 1024 70 16 2/3 2 Y Y 2 2 2/3 Y
PIC18F8627 96K 49152 3936 1024 70 16 2/3 2 Y Y 2 2 2/3 Y
PIC18F8722 128K 65536 3936 1024 70 16 2/3 2 Y Y 2 2 2/3 Y
64/80-Pin, 1-Mbit, Enhanced Flash Microcontrollers with
10-Bit A/D and nanoWatt Technology
PIC18F8722 FAMILY
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Pin Diagrams 
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68 67 66 6572 71 70 6974 7378 77 76 757980
80-Pin TQFP
Note 1: The ECCP2/P2A pin placement is determined by the CCP2MX Configuration bit and Processor mode settings.
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TO OUR VALUED CUSTOMERS
It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced. 
If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.
Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com
You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).
Errata
An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.
To determine if an errata sheet exists for a particular device, please check with one of the following:
• Microchip’s Worldwide Web site; http://www.microchip.com
• Your local Microchip sales office (see last page)
When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.
Customer Notification System
Register on our web site at www.microchip.com to receive the most current information on all of our products.
PIC18F8722 FAMILY
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1.0 DEVICE OVERVIEW
This document contains device specific information for
the following devices:
This family offers the advantages of all PIC18 micro-
controllers – namely, high computational performance at
an economical price – with the addition of high-
endurance, Enhanced Flash program memory. On top of
these features, the PIC18F8722 family introduces
design enhancements that make these microcontrollers
a logical choice for many high-performance, power
sensitive applications.
1.1 New Core Features 
1.1.1 nanoWatt TECHNOLOGY
All of the devices in the PIC18F8722 family incorporate
a range of features that can significantly reduce power
consumption during operation. Key items include:
• Alternate Run Modes: By clocking the controller 
from the Timer1 source or the internal oscillator 
block, power consumption during code execution 
can be significantly reduced.
• Multiple Idle Modes: The controller can also run 
with its CPU core disabled but the peripherals still 
active. In these states, power consumption can be 
reduced even further.
• On-the-fly Mode Switching: The power-
managed modes are invoked by user code during 
operation, allowing the user to incorporate power-
saving ideas into their application’s software 
design.
• Low Consumption in Key Modules: The 
power requirements for both Timer1 and the 
Watchdog Timer are minimized. See 
Section 28.0 “Electrical Characteristics” 
for values.
1.1.2 EXPANDED MEMORY
The PIC18F8722 family provides ample room for
application code and includes members with 48, 64,
96 or 128 Kbytes of code space.
• Data RAM and Data EEPROM: The PIC18F8722 
family also provides plenty of room for application 
data. The devices have 3936 bytes of data RAM, 
as well as 1024 bytes of data EEPROM, for long 
term retention of nonvolatile data.
• Memory Endurance: The Enhanced Flash cells 
for both program memory and data EEPROM are 
rated to last for many thousands of erase/write 
cycles, up to 100,000 for program memory and 
1,000,000 for EEPROM. Data retention without 
refresh is conservatively estimated to be greater 
than 40 years.
1.1.3 MULTIPLE OSCILLATOR OPTIONS 
AND FEATURES
All of the devices in the PIC18F8722 family offer ten
different oscillator options, allowing users a wide range
of choices in developing application hardware. These
include:
• Four Crystal modes, using crystals or ceramic 
resonators
• Two External Clock modes, offering the option of 
using two pins (oscillator input and a divide-by-4 
clock output) or one pin (oscillator input, with the 
second pin reassigned as general I/O)
• Two External RC Oscillator modes with the same 
pin options as the External Clock modes
• An internal oscillator block which provides an 
8 MHz clock and an INTRC source (approxi-
mately 31 kHz), as well as a range of 6 user 
selectable clock frequencies, between 125 kHz to 
4 MHz, for a total of 8 clock frequencies. This 
option frees the two oscillator pins for use as 
additional general purpose I/O.
• A Phase Lock Loop (PLL) frequency multiplier, 
available to both the high-speed crystal and inter-
nal oscillator modes, which allows clock speeds of 
up to 40 MHz. Used with the internal oscillator, the 
PLL gives users a complete selection of clock 
speeds, from 31 kHz to 32 MHz – all without using 
an external crystal or clock circuit.
• PIC18F6527 • PIC18LF6527
• PIC18F6622 • PIC18LF6622
• PIC18F6627 • PIC18LF6627
• PIC18F6722 • PIC18LF6722
• PIC18F8527 • PIC18LF8527
• PIC18F8622 • PIC18LF8622
• PIC18F8627 • PIC18LF8627
• PIC18F8722 • PIC18LF8722
PIC18F8722 FAMILY
DS39646C-page 8 © 2008 Microchip Technology Inc.
Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust operation:
• Fail-Safe Clock Monitor: This option constantly 
monitors the main clock source against a reference 
signal provided by the internal oscillator. If a clock 
failure occurs, the controller is switched to the 
internal oscillator block, allowing for continued 
low-speed operation or a safe application shutdown.
• Two-Speed Start-up: This option allows the 
internal oscillator to serve as the clock source 
from Power-on Reset, or wake-up from Sleep 
mode, until the primary clock source is available.
1.1.4 EXTERNAL MEMORY INTERFACE
In the unlikely event that 128 Kbytes of program
memory is inadequate for an application, the
PIC18F8527/8622/8627/8722 members of the family
also implement an external memory interface. This
allows the controller’s internal program counter to
address a memory space of up to 2 Mbytes,
permitting a level of data access that few 8-bit devices
can claim. 
With the addition of new operating modes, the external
memory interface offers many new options, including:
• Operating the microcontroller entirely from 
external memory
• Using combinations of on-chip and external 
memory, up to the 2-Mbyte limit
• Using external Flash memory for reprogrammable 
application code or large data tables
• Using external RAM devices for storing large 
amounts of variable data
1.1.5 EASY MIGRATION
Regardless of the memory size, all devices share the
same rich set of peripherals, allowing for a smooth
migration path as applications grow and evolve. 
The consistent pinout scheme used throughout the
entire family also aids in migrating to the next larger
device. This is true when moving between the 64-pin
members, between the 80-pin members, or even
jumping from 64-pin to 80-pin devices.
1.2 Other Special Features
• Communications: The PIC18F8722 family 
incorporates a range of serial communication 
peripherals, including 2 independent Enhanced 
USARTs and 2 Master SSP modules capable of 
both SPI and I2C (Master and Slave) modes of 
operation. Also, one of the general purpose I/O 
ports can be reconfigured as an 8-bit Parallel 
Slave Port for direct processor-to-processor 
communications.
• CCP Modules: All devices in the family 
incorporate two Capture/Compare/PWM (CCP) 
modules and three Enhanced CCP (ECCP) 
modules to maximize flexibility in control 
applications. Up to four different time bases may 
be used to perform several different operations at 
once. Each of the three ECCP modules offer up to 
four PWM outputs, allowing for a total of 
12 PWMs. The ECCPs also offer many beneficial 
features, including polarity selection, 
Programmable Dead-Time, Auto-Shutdown and 
Restart and Half-Bridge and Full-Bridge 
Output modes.
• Self-Programmability: These devices can write 
to their own program memory spaces under 
internal software control. By using a bootloader 
routine located in the protected boot block at the 
top of program memory, it becomes possible to 
create an application that can update itself in the 
field.
• Extended Instruction Set: The PIC18F8722 
family introduces an optional extension to the 
PIC18 instruction set, which adds 8 new instruc-
tions and an Indexed Addressing mode. This 
extension, enabled as a device configuration 
option, has been specifically designed to optimize 
re-entrant application code originally developed in 
high-level languages, such as C.
• 10-bit A/D Converter: This module incorporates 
programmable acquisition time, allowing for a 
channel to be selected and a conversion to be 
initiated without waiting for a sampling period and 
thus, reduce code overhead.
• Extended Watchdog Timer (WDT): This 
enhanced version incorporates a 16-bit prescaler, 
allowing an extended time-out range that is stable 
across operating voltage and temperature. See 
Section 28.0 “Electrical Characteristics” for 
time-out periods.
© 2008 Microchip Technology Inc. DS39646C-page 9
PIC18F8722 FAMILY
1.3 Details on Individual Family 
Members
Devices in the PIC18F8722 family are available in
64-pin and 80-pin packages. Block diagrams for the
two groups are shown in Figure 1-1 and Figure 1-2. 
The devices are differentiated from each other in five
ways:
1. Flash program memory (48 Kbytes for
PIC18F6527/8527 devices, 64 Kbytes for
PIC18F6622/8622 devices, 96 Kbytes for
PIC18F6627/8627 devices and 128 Kbytes for
PIC18F6722/8722).
2. A/D channels (12 for 64-pin devices, 16 for
80-pin devices).
3. I/O ports (7 bidirectional ports on 64-pin devices,
9 bidirectional ports on 80-pin devices).
4. External Memory Bus, configurable for 8 and
16-bit operation, is available on PIC18F8527/
8622/8627/8722 devices.
All other features for devices in this family are identical.
These are summarized in Table 1-2 and Table 1-2.
The pinouts for all devices are listed in Table 1-3 and
Table 1-4.
Like all Microchip PIC18 devices, members of the
PIC18F8722 family are available as both standard and
low-voltage devices. Standard devices with Enhanced
Flash memory, designated with an “F” in the part
number (such as PIC18F6627), accommodate an
operating VDD range of 4.2V to 5.5V. Low-voltage
parts, designated by “LF” (such as PIC18LF6627),
function over an extended VDD range of 2.0V to 5.5V. 
TABLE 1-1: DEVICE FEATURES (PIC18F6527/6622/6627/6722)     
Features PIC18F6527 PIC18F6622 PIC18F6627 PIC18F6722
Operating Frequency DC – 40 MHz DC – 40 MHz DC – 40 MHz DC – 40 MHz
Program Memory (Bytes) 48K 64K 96K 128K
Program Memory (Instructions) 24576 32768 49152 65536
Data Memory (Bytes) 3936 3936 3936 3936
Data EEPROM Memory (Bytes) 1024 1024 1024 1024
Interrupt Sources 28 28 28 28
I/O Ports Ports A, B, C, D, E, F, G Ports A, B, C, D, E, F, G Ports A, B, C, D, E, F, G Ports A, B, C, D, E, F, G
Timers 5 5 5 5
Capture/Compare/PWM 
Modules
2 2 2 2
Enhanced Capture/Compare/
PWM Modules
3 3 3 3
Enhanced USART 2 2 2 2








Parallel Communications (PSP) Yes Yes Yes Yes
10-bit Analog-to-Digital Module 12 Input Channels 12 Input Channels 12 Input Channels 12 Input Channels
Resets (and Delays) POR, BOR, 
RESET Instruction, 
Stack Full, Stack 




Stack Full, Stack 




Stack Full, Stack 




Stack Full, Stack 




Yes Yes Yes Yes
Programmable Brown-out 
Reset
Yes Yes Yes Yes
Instruction Set 75 Instructions; 
83 with Extended 
Instruction Set enabled
75 Instructions; 
83 with Extended 
Instruction Set enabled
75 Instructions; 
83 with Extended 
Instruction Set enabled
75 Instructions; 
83 with Extended 
Instruction Set enabled
Packages 64-pin TQFP 64-pin TQFP 64-pin TQFP 64-pin TQFP
PIC18F8722 FAMILY
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TABLE 1-2: DEVICE FEATURES (PIC18F8527/8622/8627/8722)     
Features PIC18F8527 PIC18F8622 PIC18F8627 PIC18F8722
Operating Frequency DC – 40 MHz DC – 40 MHz DC – 40 MHz DC – 40 MHz
Program Memory (Bytes) 48K 64K 96K 128K
Program Memory (Instructions) 24576 32768 49152 65536
Data Memory (Bytes) 3936 3936 3936 3936
Data EEPROM Memory (Bytes) 1024 1024 1024 1024
Interrupt Sources 29 29 29 29
I/O Ports Ports A, B, C, D, E, 
F, G, H, J
Ports A, B, C, D, E, 
F, G, H, J
Ports A, B, C, D, E, 
F, G, H, J
Ports A, B, C, D, E, 
F, G, H, J
Timers 5 5 5 5
Capture/Compare/PWM 
Modules
2 2 2 2
Enhanced Capture/Compare/
PWM Modules
3 3 3 3
Enhanced USART 2 2 2 2










Yes Yes Yes Yes
10-bit Analog-to-Digital Module 16 Input Channels 16 Input Channels 16 Input Channels 16 Input Channels
Resets (and Delays) POR, BOR, 
RESET Instruction, 
Stack Full, Stack 




Stack Full, Stack 




Stack Full, Stack 




Stack Full, Stack 




Yes Yes Yes Yes
Programmable Brown-out 
Reset
Yes Yes Yes Yes
Instruction Set 75 Instructions; 
83 with Extended 
Instruction Set enabled
75 Instructions; 
83 with Extended 
Instruction Set enabled
75 Instructions; 
83 with Extended 
Instruction Set enabled
75 Instructions; 
83 with Extended 
Instruction Set enabled
Packages 80-pin TQFP 80-pin TQFP 80-pin TQFP 80-pin TQFP
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Note 1: See Table 1-3 for I/O port pin descriptions.
2: RG5 is only available when MCLR functionality is disabled.
3: OSC1/CLKI and OSC2/CLKO are only available in select oscillator modes and when these pins are not being used as
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FIGURE 1-2: PIC18F8527/8622/8627/8722 (80-PIN) BLOCK DIAGRAM 
PRODLPRODH
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EUSART2ECCP2 ECCP3 MSSP2CCP4 CCP5
Timer4
Note 1: See Table 1-4 for I/O port pin descriptions.
2: RG5 is only available when MCLR functionality is disabled.
3: OSC1/CLKI and OSC2/CLKO are only available in select oscillator modes and when these pins are not being used as
digital I/O. Refer to Section 2.0 “Oscillator Configurations” for additional information.
Kbytes)
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Master Clear (input) or programming voltage (input).
Digital input.
Master Clear (Reset) input. This pin is an active-low 













Oscillator crystal or external clock input.
Oscillator crystal input or external clock source input. 
ST buffer when configured in RC mode, CMOS 
otherwise.
External clock source input. Always associated 
with pin function OSC1. (See related OSC1/CLKI, 
OSC2/CLKO pins.)












Oscillator crystal or clock output.
Oscillator crystal output. Connects to crystal or 
resonator in Crystal Oscillator mode.
In RC mode, OSC2 pin outputs CLKO, which has 
1/4 the frequency of OSC1 and denotes the
instruction cycle rate. 
General purpose I/O pin.
Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™ =  I2C/SMBus input buffer
Note 1: Default assignment for ECCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared. 
PIC18F8722 FAMILY
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Analog input 4. 
High/Low-Voltage Detect input.
RA6 See the OSC2/CLKO/RA6 pin.
RA7 See the OSC1/CLKI/RA7 pin.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™ =  I2C/SMBus input buffer
Note 1: Default assignment for ECCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared. 
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PORTB is a bidirectional I/O port. PORTB can be software 
































































































In-Circuit Debugger and ICSP programming data pin.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™ =  I2C/SMBus input buffer
Note 1: Default assignment for ECCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared. 
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Timer1 oscillator output. 

















Enhanced Capture 2 input/Compare 2 output/
PWM 2 output.













Enhanced Capture 1 input/Compare 1 output/
PWM 1 output.













Synchronous serial clock input/output for SPI mode.





































EUSART1 asynchronous transmit. 














EUSART1 synchronous data (see related TX1/CK1).








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™ =  I2C/SMBus input buffer
Note 1: Default assignment for ECCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared. 
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Parallel Slave Port data.
Synchronous serial clock input/output for SPI mode.













Parallel Slave Port data.
SPI slave select input.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™ =  I2C/SMBus input buffer
Note 1: Default assignment for ECCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared. 
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Read control for Parallel Slave Port.













Write control for Parallel Slave Port.













Chip select control for Parallel Slave Port.





















































Enhanced Capture 2 input/Compare 2 output/
PWM 2 output.
ECCP2 PWM output A.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™ =  I2C/SMBus input buffer
Note 1: Default assignment for ECCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared. 
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Analog input 10. 




















SPI slave select input.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™ =  I2C/SMBus input buffer
Note 1: Default assignment for ECCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared. 
PIC18F8722 FAMILY
DS39646C-page 20 © 2008 Microchip Technology Inc.













Enhanced Capture 3 input/Compare 3 output/
PWM 3 output.













EUSART2 asynchronous transmit. 



























Capture 4 input/Compare 4 output/PWM 4 output.













Capture 5 input/Compare 5 output/PWM 5 output.
ECCP1 PWM output D.
RG5 See RG5/MCLR/VPP pin.
VSS 9, 25, 41, 56 P — Ground reference for logic and I/O pins.
VDD 10, 26, 38, 57 P — Positive supply for logic and I/O pins.
AVSS 20 P — Ground reference for analog modules.
AVDD 19 P — Positive supply for analog modules.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™ =  I2C/SMBus input buffer
Note 1: Default assignment for ECCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared. 
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Master Clear (input) or programming voltage (input).
Digital input.
Master Clear (Reset) input. This pin is an active-low 













Oscillator crystal or external clock input.
Oscillator crystal input or external clock source input. 
ST buffer when configured in RC mode, CMOS 
otherwise.
External clock source input. Always associated with 
pin function OSC1. (See related OSC1/CLKI, 
OSC2/CLKO pins.)












Oscillator crystal or clock output.
Oscillator crystal output. Connects to crystal or 
resonator in Crystal Oscillator mode.
In RC mode, OSC2 pin outputs CLKO, which has 1/4 the 
frequency of OSC1 and denotes the
instruction cycle rate. 
General purpose I/O pin.
Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).
PIC18F8722 FAMILY
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Digital I/O. Open-drain when configured as output.













Analog input 4. 
High/Low-Voltage Detect input.
RA6 See the OSC2/CLKO/RA6 pin.
RA7 See the OSC1/CLKI/RA7 pin.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).
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PORTB is a bidirectional I/O port. PORTB can be software 



















































Enhanced Capture 2 input/Compare 2 output/
PWM 2 output.




















































In-Circuit Debugger and ICSP programming data pin.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).
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Timer1 oscillator output. 

















Enhanced Capture 2 input/Compare 2 output/
PWM 2 output.













Enhanced Capture 1 input/Compare 1 output/
PWM 1 output.













Synchronous serial clock input/output for SPI mode.





































EUSART1 asynchronous transmit. 














EUSART1 synchronous data (see related TX1/CK1).








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).
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External memory address/data 0.













External memory address/data 1.













External memory address/data 2.













External memory address/data 3.
















External memory address/data 4.





















External memory address/data 5.






















External memory address/data 6.
Parallel Slave Port data.
Synchronous serial clock input/output for SPI mode.
















External memory address/data 7.
Parallel Slave Port data.
SPI slave select input.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).
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External memory address/data 8.
Read control for Parallel Slave Port.
















External memory address/data 9.
Write control for Parallel Slave Port.
















External memory address/data 10.
Chip select control for Parallel Slave Port.













External memory address/data 11.













External memory address/data 12.













External memory address/data 13.













External memory address/data 14.
















External memory address/data 15.
Enhanced Capture 2 input/Compare 2 output/
PWM 2 output.
ECCP2 PWM output A.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).
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Analog input 10. 




















SPI slave select input.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).
PIC18F8722 FAMILY
DS39646C-page 28 © 2008 Microchip Technology Inc.













Enhanced Capture 3 input/Compare 3 output/
PWM 3 output.













EUSART2 asynchronous transmit. 



























Capture 4 input/Compare 4 output/PWM 4 output.













Capture 5 input/Compare 5 output/PWM 5 output.
ECCP1 PWM output D.
RG5 See RG5/MCLR/VPP pin.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).
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ECCP1 PWM output B.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).
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External memory high byte control.
VSS 11, 31, 51, 70 P — Ground reference for logic and I/O pins.
VDD 12, 32, 48, 71 P — Positive supply for logic and I/O pins.
AVSS 26 P — Ground reference for analog modules.
AVDD 25 P — Positive supply for analog modules.








Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog=  Analog input 
I =  Input O =  Output 
P =  Power I2C™/SMB =  I2C/SMBus input buffer 
Note 1: Alternate assignment for ECCP2 when Configuration bit, CCP2MX, is cleared (all operating modes except 
Microcontroller mode).
2: Default assignment for ECCP2 in all operating modes (CCP2MX is set). 
3: Alternate assignment for ECCP2 when CCP2MX is cleared (Microcontroller mode only).
4: Default assignment for P1B/P1C/P3B/P3C (ECCPMX is set).
5: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).





The PIC18F8722 family of devices can be operated in
ten different oscillator modes. The user can program the
Configuration bits, FOSC<3:0>, in Configuration
Register 1H to select one of these ten modes:
1. LP Low-Power Crystal
2. XT Crystal/Resonator
3. HS High-Speed Crystal/Resonator
4. HSPLL High-Speed Crystal/Resonator 
with PLL enabled
5. RC External Resistor/Capacitor with 
FOSC/4 output on RA6
6. RCIO External Resistor/Capacitor with I/O 
on RA6
7. INTIO1 Internal Oscillator with FOSC/4 output
on RA6 and I/O on RA7
8. INTIO2 Internal Oscillator with I/O on RA6 
and RA7
9. EC External Clock with FOSC/4 output
10. ECIO External Clock with I/O on RA6
2.2 Crystal Oscillator/Ceramic 
Resonators
In XT, LP, HS or HSPLL Oscillator modes, a crystal or
ceramic resonator is connected to the OSC1 and
OSC2 pins to establish oscillation. Figure 2-1 shows
the pin connections. 
The oscillator design requires the use of a parallel cut
crystal.      
FIGURE 2-1: CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(XT, LP, HS OR HSPLL 
CONFIGURATION)    
TABLE 2-1: CAPACITOR SELECTION FOR 
CERAMIC RESONATORS
Note: Use of a series cut crystal may give a
frequency out of the crystal manufacturer’s
specifications.
Typical Capacitor Values Used:
Mode Freq OSC1 OSC2
XT 3.58 MHz 22 pF 22 pF
Capacitor values are for design guidance only. 
Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application. Refer
to the following application notes for oscillator specific
information:
• AN588 – PIC® Microcontroller Oscillator Design 
Guide
• AN826 – Crystal Oscillator Basics and Crystal 
Selection for rfPIC® and PIC® Devices
• AN849 – Basic PIC® Oscillator Design
• AN943 – Practical PIC® Oscillator Analysis and 
Design
• AN949 – Making Your Oscillator Work
See the notes following Table 2-2 for additional
information.
Note: When using resonators with frequencies
above 3.5 MHz, the use of HS mode,
rather than XT mode, is recommended.
HS mode may be used at any VDD for
which the controller is rated. If HS is
selected, it is possible that the gain of the
oscillator will overdrive the resonator.
Therefore, a series resistor may be placed
between the OSC2 pin and the resonator.
As a good starting point, the
recommended value of RS is 330Ω.
Note 1: See Table 2-1 and Table 2-2 for initial values of
C1 and C2.
2: A series resistor (RS) may be required for AT
strip cut crystals.
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TABLE 2-2: CAPACITOR SELECTION FOR 
QUARTZ CRYSTALS 
 
An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 2-2.
When operated in this mode, parameters D033 and
D043 apply.
FIGURE 2-2: EXTERNAL CLOCK INPUT 
OPERATION (HS OSC 
CONFIGURATION)      
2.3 External Clock Input
The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 pin. There is
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.
In the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-3 shows the pin connections for the EC
Oscillator mode.
FIGURE 2-3: EXTERNAL CLOCK 
INPUT OPERATION 
(EC CONFIGURATION)   
The ECIO Oscillator mode functions like the EC mode,
except that the OSC2 pin becomes an additional
general purpose I/O pin. The I/O pin becomes bit 6 of
PORTA (RA6). Figure 2-4 shows the pin connections
for the ECIO Oscillator mode. When operated in this
mode, parameters D033A and D043A apply.






Typical Capacitor Values 
Tested:
C1 C2



















Capacitor values are for design guidance only. 
Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application. Refer
to the following application notes for oscillator specific
information:
• AN588 – PIC® Microcontroller Oscillator Design 
Guide
• AN826 – Crystal Oscillator Basics and Crystal 
Selection for rfPIC® and PIC® Devices
• AN849 – Basic PIC® Oscillator Design
• AN943 – Practical PIC® Oscillator Analysis and 
Design
• AN949 – Making Your Oscillator Work
See the notes following this table for additional
information.
Note 1: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time. 
2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.
3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.
4: Rs may be required to avoid overdriving
crystals with low drive level specification.
5: Always verify oscillator performance over
the VDD and temperature range that is
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2.4 RC Oscillator
For timing insensitive applications, the RC and RCIO
Oscillator modes offer additional cost savings. The
actual oscillator frequency is a function of several
factors: 
• supply voltage
• values of the external resistor (REXT) and 
capacitor (CEXT)
• operating temperature
Given the same device, operating voltage and tempera-
ture and component values, there will also be unit-to-unit
frequency variations. These are due to factors such as: 
• normal manufacturing variation
• difference in lead frame capacitance between 
package types (especially for low CEXT values) 
• variations within the tolerance of limits of REXT 
and CEXT 
In the RC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-5 shows how the R/C combination is
connected.
FIGURE 2-5: RC OSCILLATOR MODE 
The RCIO Oscillator mode (Figure 2-6) functions like
the RC mode, except that the OSC2 pin becomes an
additional general purpose I/O pin. The I/O pin
becomes bit 6 of PORTA (RA6).
FIGURE 2-6: RCIO OSCILLATOR MODE 
2.5 PLL Frequency Multiplier
A Phase Locked Loop (PLL) circuit is provided as an
option for users who wish to use a lower frequency
oscillator circuit or to clock the device up to its highest
rated frequency from a crystal oscillator. This may be
useful for customers who are concerned with EMI due
to high-frequency crystals or users who require higher
clock speeds from an internal oscillator.
2.5.1 HSPLL OSCILLATOR MODE
The HSPLL mode makes use of the HS mode oscillator
for frequencies up to 10 MHz. A PLL then multiplies the
oscillator output frequency by 4 to produce an internal
clock frequency up to 40 MHz. The PLLEN bit is not
available when this mode is configured as the primary
clock source.
The PLL is only available to the crystal oscillator when
the FOSC<3:0> Configuration bits are programmed for
HSPLL mode (= 0110). 
FIGURE 2-7: HSPLL BLOCK DIAGRAM        
2.5.2 PLL AND INTOSC
The PLL is also available to the internal oscillator block
when the internal oscillator block is configured as the
primary clock source. In this configuration, the PLL is
enabled in software and generates a clock output of up
to 32 MHz. The operation of INTOSC with the PLL is











Recommended values: 3 kΩ ≤ REXT ≤ 100 kΩ









Recommended values: 3 kΩ ≤ REXT ≤ 100 kΩ




















(from Configuration Register 1H)
HS Mode
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2.6 Internal Oscillator Block
The PIC18F8722 family of devices includes an internal
oscillator block which generates two different clock
signals; either can be used as the microcontroller’s
clock source. This may eliminate the need for external
oscillator circuits on the OSC1 and/or OSC2 pins.
The main output (INTOSC) is an 8 MHz clock source,
which can be used to directly drive the device clock. It
also drives a postscaler, which can provide a range of
clock frequencies from 31 kHz to 4 MHz. The INTOSC
output is enabled when a clock frequency from 125 kHz
to 8 MHz is selected. The INTOSC output can also be
enabled when 31 kHz is selected, depending on the
INTSRC bit (OSCTUNE<7>).
The other clock source is the internal RC oscillator
(INTRC), which provides a nominal 31 kHz output.
INTRC is enabled if it is selected as the device clock
source; it is also enabled automatically when any of the
following are enabled: 
• Power-up Timer
• Fail-Safe Clock Monitor
• Watchdog Timer
• Two-Speed Start-up
These features are discussed in greater detail in
Section 25.0 “Special Features of the CPU”.
The clock source frequency (INTOSC direct, INTRC
direct or INTOSC postscaler) is selected by configuring
the IRCF bits of the OSCCON register (page 39).
2.6.1 INTIO MODES
Using the internal oscillator as the clock source elimi-
nates the need for up to two external oscillator pins,
which can then be used for digital I/O. Two distinct
configurations are available:
• In INTIO1 mode, the OSC2 pin outputs FOSC/4, 
while OSC1 functions as RA7 (see Figure 2-8) for 
digital input and output.
• In INTIO2 mode, OSC1 functions as RA7 and 
OSC2 functions as RA6 (see Figure 2-9), both for 
digital input and output.
FIGURE 2-8: INTIO1 OSCILLATOR MODE 
FIGURE 2-9: INTIO2 OSCILLATOR MODE 
2.6.2 INTOSC OUTPUT FREQUENCY
The internal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of 8 MHz. 
The INTRC oscillator operates independently of the
INTOSC source. Any changes in INTOSC across
voltage and temperature are not necessarily reflected
by changes in INTRC or vice versa.
2.6.3 OSCTUNE REGISTER
The INTOSC output has been calibrated at the
factory but can be adjusted in the user’s application.
This is done by writing to TUN<4:0>
(OSCTUNE<4:0>) in the OSCTUNE register
(Register ).
When the OSCTUNE register is modified, the INTOSC
frequency will begin shifting to the new frequency. The
INTOSC clock will stabilize within 1 ms. Code execu-
tion continues during this shift. There is no indication
that the shift has occurred. The INTRC is not affected
by OSCTUNE.
The OSCTUNE register also implements the INTSRC
(OSCTUNE<7>) and PLLEN (OSCTUNE<6>) bits,
which control certain features of the internal oscillator
block. The INTSRC bit allows users to select which
internal oscillator provides the clock source when the
31 kHz frequency option is selected. This is covered in
greater detail in Section 2.7.1 “Oscillator Control
Register”. 
The PLLEN bit controls the operation of the Phase
Locked Loop (PLL) in internal oscillator modes (see
Figure 2-10).
FIGURE 2-10: INTOSC AND PLL BLOCK 





























© 2008 Microchip Technology Inc. DS39646C-page 35
PIC18F8722 FAMILY
2.6.4 PLL IN INTOSC MODES
The 4x Phase Locked Loop (PLL) can be used with the
internal oscillator block to produce faster device clock
speeds than are normally possible with the internal
oscillator sources. When enabled, the PLL produces a
clock speed of 16 MHz or 32 MHz.
Unlike HSPLL mode, the PLL is controlled through
software. The control bit, PLLEN (OSCTUNE<6>), is
used to enable or disable its operation. 
The PLL is available when the device is configured to
use the internal oscillator block as its primary clock
source (FOSC<3:0> = 1001 or 1000). Additionally, the
PLL will only function when the selected output fre-
quency is either 4 MHz or 8 MHz (OSCCON<6:4> = 111
or 110). If both of these conditions are not met, the PLL
is disabled and the PLLEN bit remains clear (writes are
ignored).
2.6.5 INTOSC FREQUENCY DRIFT
The factory calibrates the internal oscillator block
output (INTOSC) for 8 MHz. However, this frequency
may drift as VDD or temperature changes and can
affect the controller operation in a variety of ways. It is
possible to adjust the INTOSC frequency by modifying
the value in the OSCTUNE register. Depending on the
device, this may have no effect on the INTRC clock
source frequency.
Tuning the INTOSC source requires knowing when to
make the adjustment, in which direction it should be
made and in some cases, how large a change is
needed. Three compensation techniques are discussed
in Section 2.6.5.1 “Compensating with the
EUSART”, Section 2.6.5.2 “Compensating with the
Timers” and Section 2.6.5.3 “Compensating with the
CCP Module in Capture Mode” but other techniques
may be used.
REGISTER 2-1: OSCTUNE: OSCILLATOR TUNING REGISTER
R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 
INTSRC PLLEN(1) — TUN4 TUN3 TUN2 TUN1 TUN0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 INTSRC: Internal Oscillator Low-Frequency Source Select bit
1 = 31.25 kHz device clock derived from 8 MHz INTOSC source (divide-by-256 enabled)
0 = 31 kHz device clock derived directly from INTRC internal oscillator
bit 6 PLLEN: Frequency Multiplier PLL for INTOSC Enable bit(1)
1 = PLL enabled for INTOSC (4 MHz and 8 MHz only)
0 = PLL disabled
bit 5 Unimplemented: Read as ‘0’
bit 4-0 TUN<4:0>: Frequency Tuning bits
01111 = Maximum frequency
•                       •
•                       •
00001 
00000 = Center frequency. Oscillator module is running at the calibrated frequency.
11111 
•                       •
•                       •
10000 = Minimum frequency
Note 1: Available only in certain oscillator configurations; otherwise, this bit is unavailable and reads as ‘0’. See 
Section 2.6.4 “PLL in INTOSC Modes” for details.
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2.6.5.1 Compensating with the EUSART 
An adjustment may be required when the EUSART
begins to generate framing errors or receives data with
errors while in Asynchronous mode. Framing errors
indicate that the device clock frequency is too high. To
adjust for this, decrement the value in OSCTUNE to
reduce the clock frequency. On the other hand, errors
in data may suggest that the clock speed is too low. To
compensate, increment OSCTUNE to increase the
clock frequency.
2.6.5.2 Compensating with the Timers
This technique compares device clock speed to some
reference clock. Two timers may be used; one timer is
clocked by the peripheral clock, while the other is
clocked by a fixed reference source, such as the
Timer1 oscillator.
Both timers are cleared, but the timer clocked by the
reference generates interrupts. When an interrupt
occurs, the internally clocked timer is read and both
timers are cleared. If the internally clocked timer value
is much greater than expected, then the internal
oscillator block is running too fast. To adjust for this,
decrement the OSCTUNE register.
2.6.5.3 Compensating with the CCP Module 
in Capture Mode
A CCP module can use free running Timer1 (or
Timer3), clocked by the internal oscillator block and an
external event with a known period (i.e., AC power
frequency). The time of the first event is captured in the
CCPRxH:CCPRxL registers and is recorded for use
later. When the second event causes a capture, the
time of the first event is subtracted from the time of the
second event. Since the period of the external event is
known, the time difference between events can be
calculated. 
If the measured time is much greater than the
calculated time, the internal oscillator block is running
too fast. To compensate, decrement the OSCTUNE
register. If the measured time is much less than the
calculated time, the internal oscillator block is running
too slow. To compensate, increment the OSCTUNE
register. 
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2.7 Clock Sources and Oscillator 
Switching
The PIC18F8722 family of devices includes a feature
that allows the device clock source to be switched from
the main oscillator to an alternate clock source. These
devices also offer two alternate clock sources. When
an alternate clock source is enabled, the various
power-managed operating modes are available.




• Internal oscillator block
The primary oscillators include the External Crystal
and Resonator modes, the External RC modes, the
External Clock modes and the internal oscillator block.
The particular mode is defined by the FOSC<3:0>
Configuration bits. The details of these modes are
covered earlier in this chapter.
The secondary oscillators are those external sources
not connected to the OSC1 or OSC2 pins. These
sources may continue to operate even after the
controller is placed in a power-managed mode. 
The PIC18F8722 family of devices offers the Timer1
oscillator as a secondary oscillator. This oscillator, in all
power-managed modes, is often the time base for
functions such as a real-time clock.
Most often, a 32.768 kHz watch crystal is connected
between the RC0/T1OSO/T13CKI and RC1/T1OSI
pins. Like the LP mode oscillator circuit, loading
capacitors are also connected from each pin to ground.
The Timer1 oscillator is discussed in greater detail in
Section 13.3 “Timer1 Oscillator”.
In addition to being a primary clock source, the internal
oscillator block is available as a power-managed
mode clock source. The INTRC source is also used as
the clock source for several special features, such as
the WDT and Fail-Safe Clock Monitor.
The clock sources for the PIC18F8722 family of devices
are shown in Figure 2-11. See Section 25.0 “Special
Features of the CPU” for Configuration register details.
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2.7.1 OSCILLATOR CONTROL REGISTER
The OSCCON register (Register 2-2) controls several
aspects of the device clock’s operation, both in full
power operation and in power-managed modes. 
The System Clock Select bits, SCS<1:0>, select the
clock source. The available clock sources are the
primary clock (defined by the FOSC<3:0> Configura-
tion bits), the secondary clock (Timer1 oscillator) and
the internal oscillator block. The clock source changes
immediately after either of the SCS<1:0> bits are
changed, following a brief clock transition interval. The
SCS bits are reset on all forms of Reset.
The Internal Oscillator Frequency Select bits
(IRCF<2:0>) select the frequency output of the internal
oscillator block to drive the device clock. The choices
are the INTRC source (31 kHz), the INTOSC source
(8 MHz) or one of the frequencies derived from the
INTOSC postscaler (31.25 kHz to 4 MHz). If the
internal oscillator block is supplying the device clock,
changing the states of these bits will have an immedi-
ate change on the internal oscillator’s output. On
device Resets, the default output frequency of the
internal oscillator block is set at 1 MHz.
When a nominal output frequency of 31 kHz is selected
(IRCF<2:0> = 000), users may choose which internal
oscillator acts as the source. This is done with the
INTSRC bit in the OSCTUNE register (OSCTUNE<7>).
Setting this bit selects INTOSC as a 31.25 kHz clock
source derived from the INTOSC postscaler. Clearing
INTSRC selects INTRC (nominally 31 kHz) as the
clock source and disables the INTOSC to reduce
current consumption. 
This option allows users to select the tunable and more
precise INTOSC as a clock source, while maintaining
power savings with a very low clock speed. Addition-
ally, the INTOSC source will already be stable should a
switch to a higher frequency be needed quickly.
Regardless of the setting of INTSRC, INTRC always
remains the clock source for features such as the
Watchdog Timer and the Fail-Safe Clock Monitor.
The OSTS, IOFS and T1RUN bits indicate which clock
source is currently providing the device clock. The
OSTS bit indicates that the Oscillator Start-up Timer
and PLL Start-up Timer (if enabled) have timed out and
the primary clock is providing the device clock in
primary clock modes. The IOFS bit indicates when the
internal oscillator block has stabilized and is providing
the device clock in RC Clock modes. The T1RUN bit
(T1CON<6>) indicates when the Timer1 oscillator is
providing the device clock in secondary clock modes.
In power-managed modes, only one of these three bits
will be set at any time. If none of these bits are set, the
INTRC is providing the clock or the internal oscillator
block has just started and is not yet stable.
The IDLEN bit controls whether the device goes into
Sleep mode or one of the Idle modes when the SLEEP
instruction is executed. 
The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 3.0
“Power-Managed Modes”.
2.7.2 OSCILLATOR TRANSITIONS
The PIC18F8722 family of devices contains circuitry to
prevent clock “glitches” when switching between clock
sources. A short pause in the device clock occurs dur-
ing the clock switch. The length of this pause is the sum
of two cycles of the old clock source and three to four
cycles of the new clock source. This formula assumes
that the new clock source is stable.
Clock transitions are discussed in greater detail in
Section 3.1.2 “Entering Power-Managed Modes”.
Note 1: The Timer1 oscillator must be enabled to
select the secondary clock source. The
Timer1 oscillator is enabled by setting the
T1OSCEN bit in the Timer1 Control regis-
ter (T1CON<3>). If the Timer1 oscillator
is not enabled, then any attempt to select
a secondary clock source will be ignored.
2: It is recommended that the Timer1
oscillator be operating and stable before
selecting the secondary clock source or a
very long delay may occur while the
Timer1 oscillator starts. 
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REGISTER 2-2: OSCCON: OSCILLATOR CONTROL REGISTER   
R/W-0 R/W-1 R/W-0 R/W-0 R(1) R-0 R/W-0 R/W-0
IDLEN IRCF2 IRCF1 IRCF0 OSTS IOFS SCS1 SCS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IDLEN: Idle Enable bit
1 = Device enters an Idle mode when a SLEEP instruction is executed
0 = Device enters Sleep mode when a SLEEP instruction is executed
bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits(5)
111 =  8 MHz (INTOSC drives clock directly)
110 =  4 MHz 
101 =  2 MHz 
100 =  1 MHz(3)
011 =  500 kHz 
010 =  250 kHz
001 =  125 kHz
000 =  31 kHz (from either INTOSC/256 or INTRC directly)(2)
bit 3 OSTS: Oscillator Start-up Time-out Status bit(1)
1 = Oscillator Start-up Timer (OST) time-out has expired; primary oscillator is running
0 = Oscillator Start-up Timer (OST) time-out is running; primary oscillator is not ready
bit 2 IOFS: INTOSC Frequency Stable bit 
1 = INTOSC frequency is stable
0 = INTOSC frequency is not stable
bit 1-0 SCS<1:0>: System Clock Select bits(4)
1x = Internal oscillator block
01 = Secondary (Timer1) oscillator
00 = Primary oscillator
Note 1: Reset state depends on state of the IESO Configuration bit.
2: Source selected by the INTSRC bit (OSCTUNE<7>), see text.
3: Default output frequency of INTOSC on Reset.
4: Modifying the SCS<1:0> bits will cause an immediate clock source switch.
5: Modifying the IRCF<3:0> bits will cause an immediate clock frequency switch if the internal oscillator is 
providing the device clocks.
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2.8 Effects of Power-Managed Modes 
on the Various Clock Sources
When PRI_IDLE mode is selected, the configured
oscillator continues to run without interruption. For all
other power-managed modes, the oscillator using the
OSC1 pin is disabled. The OSC1 pin (and OSC2 pin in
crystal oscillator modes) will stop oscillating. 
In secondary clock modes (SEC_RUN and
SEC_IDLE), the Timer1 oscillator is operating and
providing the device clock. The Timer1 oscillator may
also run in all power-managed modes if required to
clock Timer1 or Timer3.
In internal oscillator modes (RC_RUN and RC_IDLE),
the internal oscillator block provides the device clock
source. The 31 kHz INTRC output can be used directly
to provide the clock and may be enabled to support
various special features, regardless of the power-
managed mode (see Section 25.2 “Watchdog Timer
(WDT)” and Section 25.4 “Fail-Safe Clock Monitor”
for more information). The INTOSC output at 8 MHz
may be used directly to clock the device or may be
divided down by the postscaler. The INTOSC output is
disabled if the clock is provided directly from the INTRC
output. The INTOSC output is also enabled for Two-
Speed Start-up at 1 MHz after Resets and when
configured for wake from Sleep mode.
If the Sleep mode is selected, all clock sources are
stopped. Since all the transistor switching currents
have been stopped, Sleep mode achieves the lowest
current consumption of the device (only leakage
currents).
Enabling any on-chip feature that will operate during
Sleep will increase the current consumed during Sleep.
The INTRC is required to support WDT operation. The
Timer1 oscillator may be operating to support a real-
time clock. Other features may be operating that do not
require a device clock source (i.e., SSP slave, PSP,
INTx pins and others). Peripherals that may add
significant current consumption are listed in
Section 28.2 “DC Characteristics”.
2.9 Power-up Delays
Power-up delays are controlled by two or three timers,
so that no external Reset circuitry is required for most
applications. The delays ensure that the device is kept
in Reset until the device power supply is stable under
normal circumstances and the primary clock is operat-
ing and stable. For additional information on power-up
delays, see Section 4.5 “Device Reset Timers”.
The first timer is the Power-up Timer (PWRT) which
provides a fixed delay on power-up (parameter 33,
Table 28-12). It is enabled by clearing (= 0) the
PWRTEN Configuration bit (CONFIG2L<0>).
2.9.1 DELAYS FOR POWER-UP AND 
RETURN TO PRIMARY CLOCK 
The second timer is the Oscillator Start-up Timer
(OST), intended to delay execution until the crystal
oscillator is stable (LP, XT and HS modes). The OST
does this by counting 1024 oscillator cycles before
allowing the oscillator to clock the device.
When the HSPLL Oscillator mode is selected, a third
timer delays execution for an additional 2 ms following
the HS mode OST delay, so the PLL can lock to the
incoming clock frequency. At the end of these delays,
the OSTS bit (OSCCON<3>) is set.
There is a delay of interval TCSD (parameter 38,
Table 28-12), once execution is allowed to start, when
the controller becomes ready to execute instructions.
This delay runs concurrently with any other delays.
This may be the only delay that occurs when any of the
EC, RC or INTIO modes are used as the primary clock
source.
TABLE 2-3: OSC1 AND OSC2 PIN STATES IN SLEEP MODE  
OSC Mode OSC1 Pin OSC2 Pin
RC, INTIO1 Floating, external resistor pulls high At logic low (clock/4 output)
RCIO Floating, external resistor pulls high Configured as PORTA, bit 6
INTIO2 Configured as PORTA, bit 7 Configured as PORTA, bit 6
ECIO Floating, driven by external clock Configured as PORTA, bit 6
EC Floating, driven by external clock At logic low (clock/4 output)
LP, XT and HS Feedback inverter disabled at quiescent 
voltage level
Feedback inverter disabled at quiescent 
voltage level
Note: See Table 4-2 in Section 4.0 “Reset” for time-outs due to Sleep and MCLR Reset.
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3.0 POWER-MANAGED MODES
The PIC18F8722 family of devices offers a total of
seven operating modes for more efficient power man-
agement. These modes provide a variety of options for
selective power conservation in applications where
resources may be limited (i.e., battery-powered
devices).
There are three categories of power-managed modes:
• Run modes
• Idle modes 
• Sleep mode 
These categories define which portions of the device
are clocked and sometimes, what speed. The Run and
Idle modes may use any of the three available clock
sources (primary, secondary or internal oscillator
block); the Sleep mode does not use a clock source.
The power-managed modes include several power-
saving features offered on previous PIC® devices. One
is the clock switching feature, offered in other PIC18
devices, allowing the controller to use the Timer1 oscil-
lator in place of the primary oscillator. Also included is
the Sleep mode, offered by all PIC devices, where all
device clocks are stopped.
3.1 Selecting Power-Managed Modes
Selecting a power-managed mode requires two
decisions: if the CPU is to be clocked or not and the
selection of a clock source. The IDLEN bit
(OSCCON<7>) controls CPU clocking, while the
SCS<1:0> bits (OSCCON<1:0>) select the clock
source. The individual modes, bit settings, clock sources
and affected modules are summarized in Table 3-1.
3.1.1 CLOCK SOURCES
The SCS1:SCS0 bits allow the selection of one of three
clock sources for power-managed modes. They are: 
• the primary clock, as defined by the FOSC<3:0> 
Configuration bits
• the secondary clock (the Timer1 oscillator)
• the internal oscillator block (for INTOSC modes) 
3.1.2 ENTERING POWER-MANAGED 
MODES
Switching from one power-managed mode to another
begins by loading the OSCCON register. The
SCS<1:0> bits select the clock source and determine
which Run or Idle mode is to be used. Changing these
bits causes an immediate switch to the new clock
source, assuming that it is running. The switch may
also be subject to clock transition delays. These are
discussed in Section 3.1.3 “Clock Transitions and
Status Indicators” and subsequent sections.
Entry to the power-managed Idle or Sleep modes is
triggered by the execution of a SLEEP instruction. The
actual mode that results depends on the status of the
IDLEN bit.
Depending on the current mode and the mode being
switched to, a change to a power-managed mode does
not always require setting all of these bits. Many
transitions may be done by changing the oscillator select
bits, or changing the IDLEN bit, prior to issuing a SLEEP
instruction. If the IDLEN bit is already configured
correctly, it may only be necessary to perform a SLEEP
instruction to switch to the desired mode.
TABLE 3-1: POWER-MANAGED MODES
Mode
OSCCON Bits Module Clocking
Available Clock and Oscillator Source
IDLEN<7>(1) SCS<1:0> CPU Peripherals
Sleep 0 N/A Off Off None – All clocks are disabled
PRI_RUN N/A 00 Clocked Clocked Primary – LP, XT, HS, HSPLL, RC, EC and 
Internal Oscillator Block(2).
This is the normal full power execution mode.
SEC_RUN N/A 01 Clocked Clocked Secondary – Timer1 Oscillator
RC_RUN N/A 1x Clocked Clocked Internal Oscillator Block(2)
PRI_IDLE 1 00 Off Clocked Primary – LP, XT, HS, HSPLL, RC, EC
SEC_IDLE 1 01 Off Clocked Secondary – Timer1 Oscillator
RC_IDLE 1 1x Off Clocked Internal Oscillator Block(2)
Note 1: IDLEN reflects its value when the SLEEP instruction is executed.
2: Includes INTOSC and INTOSC postscaler, as well as the INTRC source.
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3.1.3 CLOCK TRANSITIONS AND STATUS 
INDICATORS
The length of the transition between clock sources is
the sum of two cycles of the old clock source and three
to four cycles of the new clock source. This formula
assumes that the new clock source is stable.
Three bits indicate the current clock source and its
status. They are: 
• OSTS (OSCCON<3>) 
• IOFS (OSCCON<2>) 
• T1RUN (T1CON<6>)
In general, only one of these bits will be set while in a
given power-managed mode. When the OSTS bit is
set, the primary clock is providing the device clock.
When the IOFS bit is set, the INTOSC output is
providing a stable 8 MHz clock source to a divider that
actually drives the device clock. When the T1RUN bit is
set, the Timer1 oscillator is providing the clock. If none
of these bits are set, then either the INTRC clock
source is clocking the device, or the INTOSC source is
not yet stable.
If the internal oscillator block is configured as the pri-
mary clock source by the FOSC<3:0> Configuration
bits, then both the OSTS and IOFS bits may be set
when in PRI_RUN or PRI_IDLE modes. This indicates
that the primary clock (INTOSC output) is generating a
stable 8 MHz output. Entering another INTOSC power-
managed mode at the same frequency would clear the
OSTS bit.
3.1.4 MULTIPLE SLEEP COMMANDS
The power-managed mode that is invoked with the
SLEEP instruction is determined by the setting of the
IDLEN bit at the time the instruction is executed. If
another SLEEP instruction is executed, the device will
enter the power-managed mode specified by IDLEN at
that time. If IDLEN has changed, the device will enter
the new power-managed mode specified by the new
setting.
3.2 Run Modes
In the Run modes, clocks to both the core and
peripherals are active. The difference between these
modes is the clock source.
3.2.1 PRI_RUN MODE
The PRI_RUN mode is the normal, full power execution
mode of the microcontroller. This is also the default
mode upon a device Reset, unless Two-Speed Start-up
is enabled (see Section 25.3 “Two-Speed Start-up”
for details). In this mode, the OSTS bit is set. The IOFS
bit may be set if the internal oscillator block is the
primary clock source (see Section 2.7.1 “Oscillator
Control Register”).
3.2.2 SEC_RUN MODE
The SEC_RUN mode is the compatible mode to the
“clock switching” feature offered in other PIC18
devices. In this mode, the CPU and peripherals are
clocked from the Timer1 oscillator. This gives users the
option of lower power consumption while still using a
high accuracy clock source.
SEC_RUN mode is entered by setting the SCS<1:0>
bits to ‘01’. The device clock source is switched to the
Timer1 oscillator (see Figure 3-1), the primary oscilla-
tor is shut down, the T1RUN bit (T1CON<6>) is set and
the OSTS bit is cleared.
On transitions from SEC_RUN mode to PRI_RUN, the
peripherals and CPU continue to be clocked from the
Timer1 oscillator while the primary clock is started.
When the primary clock becomes ready, a clock switch
back to the primary clock occurs (see Figure 3-2).
When the clock switch is complete, the T1RUN bit is
cleared, the OSTS bit is set and the primary clock is
providing the clock. The IDLEN and SCS bits are not
affected by the wake-up; the Timer1 oscillator
continues to run.
Note 1: Caution should be used when modifying a
single IRCF bit. If VDD is less than 3V, it is
possible to select a higher clock speed
than is supported by the low VDD.
Improper device operation may result if
the VDD/FOSC specifications are violated.
2: Executing a SLEEP instruction does not
necessarily place the device into Sleep
mode. It acts as the trigger to place the
controller into either the Sleep mode or
one of the Idle modes, depending on the
setting of the IDLEN bit.
Note: The Timer1 oscillator should already be
running prior to entering SEC_RUN mode.
If the T1OSCEN bit is not set when the
SCS<1:0> bits are set to ‘01’, entry to
SEC_RUN mode will not occur. If the
Timer1 oscillator is enabled, but not yet
running, device clocks will be delayed until
the oscillator has started; in such situa-
tions, initial oscillator operation is far from
stable and unpredictable operation may
result.
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FIGURE 3-1: TRANSITION TIMING FOR ENTRY TO SEC_RUN MODE
FIGURE 3-2: TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL) 
3.2.3 RC_RUN MODE
In RC_RUN mode, the CPU and peripherals are
clocked from the internal oscillator block using the
INTOSC multiplexer. In this mode, the primary clock is
shut down. When using the INTRC source, this mode
provides the best power conservation of all the Run
modes, while still executing code. It works well for user
applications which are not highly timing-sensitive or do
not require high-speed clocks at all times.
If the primary clock source is the internal oscillator
block (either INTRC or INTOSC), there are no distin-
guishable differences between PRI_RUN and
RC_RUN modes during execution. However, a clock
switch delay will occur during entry to and exit from
RC_RUN mode. Therefore, if the primary clock source
is the internal oscillator block, the use of RC_RUN
mode is not recommended.
This mode is entered by setting the SCS1 bit to ‘1’.
Although it is ignored, it is recommended that the SCS0
bit also be cleared; this is to maintain software compat-
ibility with future devices. When the clock source is
switched to the INTOSC multiplexer (see Figure 3-3),
the primary oscillator is shut down and the OSTS bit is
cleared. The IRCF bits may be modified at any time to


































Note1:TOST = 1024 TOSC; TPLL = 2 ms (approx). These intervals are not shown to scale.
2: Clock transition typically occurs within 2-4 TOSC.
SCS1:SCS0 bits Changed
TPLL(1)





Note: Caution should be used when modifying a
single IRCF bit. If VDD is less than 3V, it is
possible to select a higher clock speed
than is supported by the low VDD.
Improper device operation may result if
the VDD/FOSC specifications are violated.
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If the IRCF bits and the INTSRC bit are all clear, the
INTOSC output is not enabled and the IOFS bit will
remain clear; there will be no indication of the current
clock source. The INTRC source is providing the
device clocks.
If the IRCF bits are changed from all clear (thus,
enabling the INTOSC output) or if INTSRC is set, the
IOFS bit becomes set after the INTOSC output
becomes stable. Clocks to the device continue while
the INTOSC source stabilizes after an interval of
TIOBST (parameter 39, Table 28-12).
If the IRCF bits were previously at a non-zero value, or
if INTSRC was set before setting SCS1 and the
INTOSC source was already stable, the IOFS bit will
remain set. 
On transitions from RC_RUN mode to PRI_RUN mode,
the device continues to be clocked from the INTOSC
multiplexer while the primary clock is started. When the
primary clock becomes ready, a clock switch to the
primary clock occurs (see Figure 3-4). When the clock
switch is complete, the IOFS bit is cleared, the OSTS
bit is set and the primary clock is providing the device
clock. The IDLEN and SCS bits are not affected by the
switch. The INTRC source will continue to run if either
the WDT or the Fail-Safe Clock Monitor is enabled.
FIGURE 3-3: TRANSITION TIMING TO RC_RUN MODE


































Note1: TOST = 1024 TOSC; TPLL = 2 ms (approx). These intervals are not shown to scale.
2: Clock transition typically occurs within 2-4 TOSC.
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3.3 Sleep Mode
The power-managed Sleep mode in the PIC18F8722
family of devices is identical to the legacy Sleep mode
offered in all other PIC devices. It is entered by clearing
the IDLEN bit (the default state on device Reset) and
executing the SLEEP instruction. This shuts down the
selected oscillator (Figure 3-5). All clock source status
bits are cleared.
Entering the Sleep mode from any other mode does not
require a clock switch. This is because no clocks are
needed once the controller has entered Sleep. If the
WDT is selected, the INTRC source will continue to
operate. If the Timer1 oscillator is enabled, it will also
continue to run.
When a wake event occurs in Sleep mode (by interrupt,
Reset or WDT time-out), the device will not be clocked
until the clock source selected by the SCS<1:0> bits
becomes ready (see Figure 3-6), or it will be clocked
from the internal oscillator block if either the Two-Speed
Start-up or the Fail-Safe Clock Monitor are enabled
(see Section 25.0 “Special Features of the CPU”). In
either case, the OSTS bit is set when the primary clock
is providing the device clocks. The IDLEN and SCS bits
are not affected by the wake-up.
3.4 Idle Modes
The Idle modes allow the controller’s CPU to be
selectively shut down while the peripherals continue to
operate. Selecting a particular Idle mode allows users
to further manage power consumption.
If the IDLEN bit is set to a ‘1’ when a SLEEP instruction is
executed, the peripherals will be clocked from the clock
source selected using the SCS<1:0> bits; however, the
CPU will not be clocked. The clock source status bits are
not affected. Setting IDLEN and executing a SLEEP
instruction provides a quick method of switching from a
given Run mode to its corresponding Idle mode.
If the WDT is selected, the INTRC source will continue
to operate. If the Timer1 oscillator is enabled, it will also
continue to run. 
Since the CPU is not executing instructions, the only
exits from any of the Idle modes are by interrupt, WDT
time-out or a Reset. When a wake event occurs, CPU
execution is delayed by an interval of TCSD
(parameter 38, Table 28-12) while it becomes ready to
execute code. When the CPU begins executing code,
it resumes with the same clock source for the current
Idle mode. For example, when waking from RC_IDLE
mode, the internal oscillator block will clock the CPU
and peripherals (in other words, RC_RUN mode). The
IDLEN and SCS bits are not affected by the wake-up.
While in any Idle mode or the Sleep mode, a WDT
time-out will result in a WDT wake-up to the Run mode
currently specified by the SCS<1:0> bits.
FIGURE 3-5: TRANSITION TIMING FOR ENTRY TO SLEEP MODE
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3.4.1 PRI_IDLE MODE
This mode is unique among the three low-power Idle
modes, in that it does not disable the primary device
clock. For timing sensitive applications, this allows for
the fastest resumption of device operation with its more
accurate primary clock source, since the clock source
does not have to “warm-up” or transition from another
oscillator.
PRI_IDLE mode is entered from PRI_RUN mode by
setting the IDLEN bit and executing a SLEEP instruc-
tion. If the device is in another Run mode, set IDLEN
first, then clear the SCS bits and execute SLEEP.
Although the CPU is disabled, the peripherals continue
to be clocked from the primary clock source specified
by the FOSC<3:0> Configuration bits. The OSTS bit
remains set (see Figure 3-7).
When a wake event occurs, the CPU is clocked from the
primary clock source. A delay of interval TCSD
(parameter 39, Table 28-12) is required between the
wake event and when code execution starts. This is
required to allow the CPU to become ready to execute
instructions. After the wake-up, the OSTS bit remains
set. The IDLEN and SCS bits are not affected by the
wake-up (see Figure 3-8).
3.4.2 SEC_IDLE MODE
In SEC_IDLE mode, the CPU is disabled but the
peripherals continue to be clocked from the Timer1
oscillator. This mode is entered from SEC_RUN by set-
ting the IDLEN bit and executing a SLEEP instruction. If
the device is in another Run mode, set the IDLEN bit
first, then set the SCS<1:0> bits to ‘01’ and execute
SLEEP. When the clock source is switched to the
Timer1 oscillator, the primary oscillator is shut down,
the OSTS bit is cleared and the T1RUN bit is set.
When a wake event occurs, the peripherals continue to
be clocked from the Timer1 oscillator. After an interval
of TCSD following the wake event, the CPU begins exe-
cuting code being clocked by the Timer1 oscillator. The
IDLEN and SCS bits are not affected by the wake-up;
the Timer1 oscillator continues to run (see Figure 3-8).
FIGURE 3-7: TRANSITION TIMING FOR ENTRY TO IDLE MODE 
FIGURE 3-8: TRANSITION TIMING FOR WAKE FROM IDLE TO RUN MODE 
Note: The Timer1 oscillator should already be
running prior to entering SEC_IDLE mode.
If the T1OSCEN bit is not set when the
SLEEP instruction is executed, the SLEEP
instruction will be ignored and entry to
SEC_IDLE mode will not occur. If the
Timer1 oscillator is enabled but not yet
running, peripheral clocks will be delayed
until the oscillator has started. In such
situations, initial oscillator operation is far
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3.4.3 RC_IDLE MODE
In RC_IDLE mode, the CPU is disabled but the periph-
erals continue to be clocked from the internal oscillator
block using the INTOSC multiplexer. This mode allows
for controllable power conservation during Idle periods.
From RC_RUN, this mode is entered by setting the
IDLEN bit and executing a SLEEP instruction. If the
device is in another Run mode, first set IDLEN, then set
the SCS1 bit and execute SLEEP. Although its value is
ignored, it is recommended that SCS0 also be cleared;
this is to maintain software compatibility with future
devices. The INTOSC multiplexer may be used to
select a higher clock frequency by modifying the IRCF
bits before executing the SLEEP instruction. When the
clock source is switched to the INTOSC multiplexer, the
primary oscillator is shut down and the OSTS bit is
cleared.
If the IRCF bits are set to any non-zero value, or the
INTSRC bit is set, the INTOSC output is enabled. The
IOFS bit becomes set, after the INTOSC output
becomes stable, after an interval of TIOBST
(parameter 39, Table 28-12). Clocks to the peripherals
continue while the INTOSC source stabilizes. If the
IRCF bits were previously at a non-zero value, or
INTSRC was set before the SLEEP instruction was exe-
cuted and the INTOSC source was already stable, the
IOFS bit will remain set. If the IRCF bits and INTSRC
are all clear, the INTOSC output will not be enabled, the
IOFS bit will remain clear and there will be no indication
of the current clock source.
When a wake event occurs, the peripherals continue to
be clocked from the INTOSC multiplexer. After a delay
of TCSD (parameter 38, Table 28-12) following the wake
event, the CPU begins executing code being clocked
by the INTOSC multiplexer. The IDLEN and SCS bits
are not affected by the wake-up. The INTRC source will
continue to run if either the WDT or the Fail-Safe Clock
Monitor is enabled.
3.5 Exiting Idle and Sleep Modes
An exit from Sleep mode or any of the Idle modes is
triggered by an interrupt, a Reset or a WDT time-out.
This section discusses the triggers that cause exits
from power-managed modes. The clocking subsystem
actions are discussed in each of the power-managed
modes (see Section 3.2 “Run Modes”, Section 3.3
“Sleep Mode” and Section 3.4 “Idle Modes”). 
3.5.1 EXIT BY INTERRUPT
Any of the available interrupt sources can cause the
device to exit from an Idle mode or the Sleep mode to
a Run mode. To enable this functionality, an interrupt
source must be enabled by setting its enable bit in one
of the INTCON or PIE registers. The exit sequence is
initiated when the corresponding interrupt flag bit is set.
On all exits from Idle or Sleep modes by interrupt, code
execution branches to the interrupt vector if the GIE/
GIEH bit (INTCON<7>) is set. Otherwise, code execu-
tion continues or resumes without branching (see
Section 10.0 “Interrupts”).
A fixed delay of interval TCSD following the wake event
is required when leaving Sleep and Idle modes. This
delay is required for the CPU to prepare for execution.
Instruction execution resumes on the first clock cycle
following this delay.
3.5.2 EXIT BY WDT TIME-OUT
A WDT time-out will cause different actions depending
on which power-managed mode the device is in when
the time-out occurs.
If the device is not executing code (all Idle modes and
Sleep mode), the time-out will result in an exit from the
power-managed mode (see Section 3.2 “Run
Modes” and Section 3.3 “Sleep Mode”). If the device
is executing code (all Run modes), the time-out will
result in a WDT Reset (see Section 25.2 “Watchdog
Timer (WDT)”). 
The WDT timer and postscaler are cleared by
executing a SLEEP or CLRWDT instruction, the loss of a
currently selected clock source (if the Fail-Safe Clock
Monitor is enabled) and modifying the IRCF bits in the
OSCCON register if the internal oscillator block is the
device clock source.
3.5.3 EXIT BY RESET
Normally, the device is held in Reset by the Oscillator
Start-up Timer (OST) until the primary clock becomes
ready. At that time, the OSTS bit is set and the device
begins executing code. If the internal oscillator block is
the new clock source, the IOFS bit is set instead. 
The exit delay time from Reset to the start of code
execution depends on both the clock sources before
and after the wake-up and the type of oscillator if the
new clock source is the primary clock. Exit delays are
summarized in Table 3-2.
Code execution can begin before the primary clock
becomes ready. If either the Two-Speed Start-up (see
Section 25.3 “Two-Speed Start-up”) or Fail-Safe
Clock Monitor (see Section 25.4 “Fail-Safe Clock
Monitor”) is enabled, the device may begin execution
as soon as the Reset source has cleared. Execution is
clocked by the INTOSC multiplexer driven by the inter-
nal oscillator block. Execution is clocked by the internal
oscillator block until either the primary clock becomes
ready or a power-managed mode is entered before the
primary clock becomes ready; the primary clock is then
shut down.
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3.5.4 EXIT WITHOUT AN OSCILLATOR 
START-UP DELAY
Certain exits from power-managed modes do not
invoke the OST at all. There are two cases:
• PRI_IDLE mode, where the primary clock source 
is not stopped and
• the primary clock source is not any of the LP, XT, 
HS or HSPLL modes.
In these instances, the primary clock source either
does not require an oscillator start-up delay since it is
already running (PRI_IDLE), or normally does not
require an oscillator start-up delay (RC, EC and INTIO
Oscillator modes). However, a fixed delay of interval
TCSD following the wake event is still required when
leaving Sleep and Idle modes to allow the CPU to
prepare for execution. Instruction execution resumes
on the first clock cycle following this delay.
TABLE 3-2: EXIT DELAY ON WAKE-UP BY RESET FROM SLEEP MODE OR ANY IDLE MODE
















LP, XT, HS TOST(3)





LP, XT, HS TOST(4)






LP, XT, HS TOST(3)




Note 1: TCSD (parameter 38, Table 28-12) is a required delay when waking from Sleep and all Idle modes and runs 
concurrently with any other required delays (see Section 3.4 “Idle Modes”).
2: Includes both the INTOSC 8 MHz source and postscaler derived frequencies. On Reset, INTOSC defaults 
to 1 MHz.
3: TOST is the Oscillator Start-up Timer (parameter 32, Table 28-12). trc is the PLL Lock-out Timer 
(parameter F12, Table 28-7); it is also designated as TPLL.
4: Execution continues during TIOBST (parameter 39, Table 28-12), the INTOSC stabilization period.
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4.0 RESET
The PIC18F8722 family of devices differentiates
between various kinds of Reset: 
a) Power-on Reset (POR) 
b) MCLR Reset during normal operation
c) MCLR Reset during power-managed modes 
d) Watchdog Timer (WDT) Reset (during 
execution)
e) Programmable Brown-out Reset (BOR) 
f) RESET Instruction
g) Stack Full Reset
h) Stack Underflow Reset
This section discusses Resets generated by MCLR,
POR and BOR and covers the operation of the various
start-up timers. Stack Reset events are covered in
Section 5.1.3.4 “Stack Full and Underflow Resets”.
WDT Resets are covered in Section 25.2 “Watchdog
Timer (WDT)”.
A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 4-1.
4.1 RCON Register
Device Reset events are tracked through the RCON
register (Register 4-1). The lower five bits of the regis-
ter indicate that a specific Reset event has occurred. In
most cases, these bits can only be cleared by the event
and must be set by the application after the event. The
state of these flag bits, taken together, can be read to
indicate the type of Reset that just occurred. This is
described in more detail in Section 4.6 “Reset State
of Registers”.
The RCON register also has control bits for setting
interrupt priority (IPEN) and software control of the
BOR (SBOREN). Interrupt priority is discussed in
Section 10.0 “Interrupts”. BOR is covered in
Section 4.4 “Brown-out Reset (BOR)”.


















Note 1: This is the INTRC source from the internal oscillator block and is separate from the RC oscillator of the CLKI pin.
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REGISTER 4-1: RCON: RESET CONTROL REGISTER
R/W-0 R/W-1(1) U-0 R/W-1 R-1 R-1 R/W-0(2) R/W-0
IPEN SBOREN — RI TO PD POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IPEN: Interrupt Priority Enable bit 
1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)
bit 6 SBOREN: BOR Software Enable bit(1) 
If BOREN<1:0> = 01:
1 = BOR is enabled
0 = BOR is disabled
If BOREN<1:0> = 00, 10 or 11:
Bit is disabled and read as ‘0’
bit 5 Unimplemented: Read as ‘0’
bit 4 RI: RESET Instruction Flag bit
1 = The RESET instruction was not executed (set by firmware only)
0 = The RESET instruction was executed causing a device Reset (must be set in software after a
Brown-out Reset occurs)
bit 3 TO: Watchdog Time-out Flag bit 
1 = Set by power-up, CLRWDT instruction or SLEEP instruction 
0 = A WDT time-out occurred
bit 2 PD: Power-down Detection Flag bit 
1 = Set by power-up or by the CLRWDT instruction 
0 = Set by execution of the SLEEP instruction
bit 1 POR: Power-on Reset Status bit(2) 
1 = A Power-on Reset has not occurred (set by firmware only)
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit
1 = A Brown-out Reset has not occurred (set by firmware only)
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)
Note 1: If SBOREN is enabled, its Reset state is ‘1’; otherwise, it is ‘0’.
2: The actual Reset value of POR is determined by the type of device Reset. See the notes following this 
register and Section 4.6 “Reset State of Registers” for additional information.
Note 1: It is recommended that the POR bit be set after a Power-on Reset has been detected so that subsequent
Power-on Resets may be detected.
2: Brown-out Reset is said to have occurred when BOR is ‘0’ and POR is ‘1’ (assuming that POR was set to
‘1’ by software immediately after POR).
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4.2 Master Clear (MCLR)
The MCLR pin provides a method for triggering an
external Reset of the device. A Reset is generated by
holding the pin low. These devices have a noise filter in
the MCLR Reset path which detects and ignores small
pulses.
The MCLR pin is not driven low by any internal Resets,
including the WDT.
In the PIC18F8722 family of devices, the MCLR input
can be disabled with the MCLRE Configuration bit.
When MCLR is disabled, the pin becomes a digital
input. See Section 11.5 “PORTE, TRISE and LATE
Registers” for more information.
4.3 Power-on Reset (POR)
A Power-on Reset pulse is generated on-chip
whenever VDD rises above a certain threshold. This
allows the device to start in the initialized state when
VDD is adequate for operation.
To take advantage of the POR circuitry, tie the MCLR pin
through a resistor (1 kΩ to 10 kΩ) to VDD. This will
eliminate external RC components usually needed to
create a Power-on Reset delay. A minimum rise rate for
VDD is specified (parameter D004, “Section 28.2 “DC
Characteristics: Power-Down and Supply Current”).
For a slow rise time, see Figure 4-2.
When the device starts normal operation (i.e., exits the
Reset condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.
POR events are captured by the POR bit (RCON<1>).
The state of the bit is set to ‘0’ whenever a POR occurs;
it does not change for any other Reset event. POR is
not reset to ‘1’ by any hardware event. To capture
multiple events, the user manually resets the bit to ‘1’
in software following any POR. 
FIGURE 4-2: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR 
SLOW VDD POWER-UP)(1)        
Note 1: External Power-on Reset circuit is required
only if the VDD power-up slope is too slow.
The diode D helps discharge the capacitor
quickly when VDD powers down.
2: R < 40 kΩ is recommended to make sure that
the voltage drop across R does not violate
the device’s electrical specification.
3: R1 ≥ 1 kΩ will limit any current flowing into
MCLR from external capacitor C, in the event
of MCLR/VPP pin breakdown, due to
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4.4 Brown-out Reset (BOR)
The PIC18F8722 family of devices implements a BOR
circuit that provides the user with a number of con-
figuration and power-saving options. The BOR is
controlled by the BORV<1:0> and BOREN<1:0>
Configuration bits. There are a total of four BOR
configurations which are summarized in Table 4-1.
The BOR threshold is set by the BORV<1:0> bits. If
BOR is enabled (any values of BOREN<1:0>, except
‘00’), any drop of VDD below VBOR (parameter D005,
Section 28.1 “DC Characteristics”) for greater than
TBOR (parameter 35, Table 28-12) will reset the device.
A Reset may or may not occur if VDD falls below VBOR
for less than TBOR. The chip will remain in Brown-out
Reset until VDD rises above VBOR. 
If the Power-up Timer is enabled, it will be invoked after
VDD rises above VBOR; it then will keep the chip in
Reset for an additional time delay, TPWRT
(parameter 33, Table 28-12). If VDD drops below VBOR
while the Power-up Timer is running, the chip will go
back into a Brown-out Reset and the Power-up Timer
will be initialized. Once VDD rises above VBOR, the
Power-up Timer will execute the additional time delay. 
BOR and the Power-on Timer (PWRT) are
independently configured. Enabling BOR Reset does
not automatically enable the PWRT.
4.4.1 SOFTWARE ENABLED BOR
When BOREN<1:0> = 01, the BOR can be enabled or
disabled by the user in software. This is done with the
control bit, SBOREN (RCON<6>). Setting SBOREN
enables the BOR to function as previously described.
Clearing SBOREN disables the BOR entirely. The
SBOREN bit operates only in this mode; otherwise it is
read as ‘0’.
Placing the BOR under software control gives the user
the additional flexibility of tailoring the application to its
environment without having to reprogram the device to
change the BOR configuration. It also allows the user
to tailor device power consumption in software by
eliminating the incremental current that the BOR con-
sumes. While the BOR current is typically very small, it
may have some impact in low-power applications. 
4.4.2 DETECTING BOR
When BOR is enabled, the BOR bit always resets to ‘0’
on any BOR or POR event. This makes it difficult to
determine if a BOR event has occurred just by reading
the state of BOR alone. A more reliable method is to
simultaneously check the state of both POR and BOR.
This assumes that the POR bit is reset to ‘1’ in software
immediately after any POR event. If BOR is ‘0’ while
POR is ‘1’, it can be reliably assumed that a BOR event
has occurred.
4.4.3 DISABLING BOR IN SLEEP MODE
When BOREN<1:0> = 10, the BOR remains under
hardware control and operates as previously
described. Whenever the device enters Sleep mode,
however, the BOR is automatically disabled. When the
device returns to any other operating mode, BOR is
automatically re-enabled.
This mode allows for applications to recover from
brown-out situations, while actively executing code,
when the device requires BOR protection the most. At
the same time, it saves additional power in Sleep mode
by eliminating the small incremental BOR current. 
TABLE 4-1: BOR CONFIGURATIONS
Note: Even when BOR is under software control,
the BOR Reset voltage level is still set by
the BORV<1:0> Configuration bits. It
cannot be changed in software.





0 0 Unavailable BOR disabled; must be enabled by reprogramming the Configuration bits.
0 1 Available BOR enabled in software; operation controlled by SBOREN.
1 0 Unavailable BOR enabled in hardware in Run and Idle modes, disabled during 
Sleep mode.
1 1 Unavailable BOR enabled in hardware; must be disabled by reprogramming the 
Configuration bits.
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4.5 Device Reset Timers
The PIC18F8722 family of devices incorporates three
separate on-chip timers that help regulate the Power-on
Reset process. Their main function is to ensure that the
device clock is stable before code is executed. These
timers are:
• Power-up Timer (PWRT)
• Oscillator Start-up Timer (OST)
• PLL Lock Time-out
4.5.1 POWER-UP TIMER (PWRT)
The Power-up Timer (PWRT) of the PIC18F8722
family of devices is an 11-bit counter which uses the
INTRC source as the clock input. While the PWRT is
counting, the device is held in Reset.
The power-up time delay depends on the INTRC clock
and will vary from chip-to-chip due to temperature and
process variation. See DC parameter 33 in Table 28-12
for details.
The PWRT is enabled by clearing the PWRTEN
Configuration bit. 
4.5.2 OSCILLATOR START-UP TIMER 
(OST)
The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter 33, Table 28-12). This
ensures that the crystal oscillator or resonator has
started and stabilized.
The OST time-out is invoked only for XT, LP, HS and
HSPLL modes and only on Power-on Reset, or on exit
from most power-managed modes.
4.5.3 PLL LOCK TIME-OUT
With the PLL enabled in its PLL mode, the time-out
sequence following a Power-on Reset is slightly differ-
ent from other oscillator modes. A separate timer is
used to provide a fixed time-out that is sufficient for the
PLL to lock to the main oscillator frequency. This PLL
lock time-out (TPLL) is typically 2 ms and follows the
oscillator start-up time-out.
4.5.4 TIME-OUT SEQUENCE
On power-up, the time-out sequence is as follows:
1. After the POR pulse has cleared, PWRT time-out
is invoked (if enabled). 
2. Then, the OST is activated. 
The total time-out will vary based on oscillator configu-
ration and the status of the PWRT. Figure 4-3,
Figure 4-4, Figure 4-5, Figure 4-6 and Figure 4-7 all
depict time-out sequences on power-up, with the
Power-up Timer enabled and the device operating in
HS Oscillator mode. Figures 4-3 through 4-6 also apply
to devices operating in XT or LP modes. For devices in
RC mode and with the PWRT disabled, on the other
hand, there will be no time-out at all.
Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, all time-outs will expire. Bring-
ing MCLR high will begin execution immediately
(Figure 4-5). This is useful for testing purposes or to
synchronize more than one PIC18F8722 family device
operating in parallel.
TABLE 4-2: TIME-OUT IN VARIOUS SITUATIONS  
Oscillator
Configuration
Power-up(2) and Brown-out Exit from 
Power-Managed ModePWRTEN = 0 PWRTEN = 1
HSPLL TPWRT(1) + 1024 TOSC + TPLL(2) 1024 TOSC + TPLL(2) 1024 TOSC + TPLL(2)
HS, XT, LP TPWRT(1) + 1024 TOSC 1024 TOSC 1024 TOSC
EC, ECIO TPWRT(1) — —
RC, RCIO TPWRT(1) — —
INTIO1, INTIO2 TPWRT(1) — —
Note 1: See parameter 33, Table 28-12.
2: 2 ms is the nominal time required for the PLL to lock.
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FIGURE 4-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD, VDD RISE < TPWRT)    
FIGURE 4-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1       
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FIGURE 4-6: SLOW RISE TIME (MCLR TIED TO VDD, VDD RISE > TPWRT)      



















Note: TOST = 1024 clock cycles.
TPLL ≈  2 ms is the nominal time required for the PLL to lock.
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4.6 Reset State of Registers
Most registers are unaffected by a Reset. Their status
is unknown on POR and unchanged by all other
Resets. All other registers are forced to a “Reset state”
depending on the type of Reset that occurred. 
Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal oper-
ation. Status bits from the RCON register, RI, TO, PD,
POR and BOR, are set or cleared differently in different
Reset situations, as indicated in Table 4-3. These bits
are used in software to determine the nature of the
Reset. 
Table 4-4 describes the Reset states for all of the
Special Function Registers. These are categorized by
Power-on and Brown-out Resets, Master Clear and
WDT Resets and WDT wake-ups.
TABLE 4-3: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION 




RCON Register STKPTR Register
SBOREN RI TO PD POR BOR STKFUL STKUNF
Power-on Reset 0000h 1 1 1 1 0 0 0 0
RESET Instruction 0000h u(2) 0 u u u u u u
Brown-out Reset 0000h u(2) 1 1 1 u 0 u u
MCLR during Power-Managed 
Run Modes
0000h u(2) u 1 u u u u u
MCLR during Power-Managed 
Idle Modes and Sleep Mode
0000h u(2) u 1 0 u u u u
WDT Time-out during Full Power 
or Power-Managed Run Mode
0000h u(2) u 0 u u u u u
MCLR during Full Power 
Execution
0000h u(2) u u u u u u u
Stack Full Reset (STVREN = 1) 0000h u(2) u u u u u 1 u
Stack Underflow Reset 
(STVREN = 1)
0000h u(2) u u u u u u 1
Stack Underflow Error (not an 
actual Reset, STVREN = 0)
0000h u(2) u u u u u u 1
WDT Time-out during 
Power-Managed Idle or 
Sleep Modes
PC + 2 u(2) u 0 0 u u u u
Interrupt Exit from 
Power-Managed Modes
PC + 2(1) u(2) u u 0 u u u u
Legend: u = unchanged
Note 1: When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the 
interrupt vector (008h or 0018h).
2: Reset state is ‘1’ for POR and unchanged for all other Resets when software BOR is enabled 
(BOREN<1:0> Configuration bits = 01 and SBOREN = 1). Otherwise, the Reset state is ‘0’.
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Wake-up via WDT 
or Interrupt
TOSU 6X27 6X22 8X27 8X22 ---0 0000 ---0 0000 ---0 uuuu(3)
TOSH 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu(3)
TOSL 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu(3)
STKPTR 6X27 6X22 8X27 8X22 00-0 0000 uu-u uuuu uu-u uuuu(3)
PCLATU 6X27 6X22 8X27 8X22 ---0 0000 ---0 0000 ---u uuuu
PCLATH 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
PCL 6X27 6X22 8X27 8X22 0000 0000 0000 0000  PC + 2(2)
TBLPTRU 6X27 6X22 8X27 8X22 --00 0000 --00 0000 --uu uuuu
TBLPTRH 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
TBLPTRL 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
TABLAT 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
PRODH 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
PRODL 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
INTCON 6X27 6X22 8X27 8X22 0000 000x 0000 000u uuuu uuuu(1)
INTCON2 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu(1)
INTCON3 6X27 6X22 8X27 8X22 1100 0000 1100 0000 uuuu uuuu(1)
INDF0 6X27 6X22 8X27 8X22 N/A N/A N/A
POSTINC0 6X27 6X22 8X27 8X22 N/A N/A N/A
POSTDEC0 6X27 6X22 8X27 8X22 N/A N/A N/A
PREINC0 6X27 6X22 8X27 8X22 N/A N/A N/A
PLUSW0 6X27 6X22 8X27 8X22 N/A N/A N/A
FSR0H 6X27 6X22 8X27 8X22 ---- 0000 ---- 0000 ---- uuuu
FSR0L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
WREG 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
INDF1 6X27 6X22 8X27 8X22 N/A N/A N/A
POSTINC1 6X27 6X22 8X27 8X22 N/A N/A N/A
POSTDEC1 6X27 6X22 8X27 8X22 N/A N/A N/A
PREINC1 6X27 6X22 8X27 8X22 N/A N/A N/A
PLUSW1 6X27 6X22 8X27 8X22 N/A N/A N/A
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONx or PIRx registers will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector 
(0008h or 0018h).
3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are updated with 
the current value of the PC. The STKPTR is modified to point to the next location in the hardware stack.
4: See Table 4-3 for Reset value for specific condition.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not enabled 
as PORTA pins, they are disabled and read ‘0’. 
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FSR1H 6X27 6X22 8X27 8X22 ---- 0000 ---- 0000 ---- uuuu
FSR1L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
BSR 6X27 6X22 8X27 8X22 ---- 0000 ---- 0000 ---- uuuu
INDF2 6X27 6X22 8X27 8X22 N/A N/A N/A
POSTINC2 6X27 6X22 8X27 8X22 N/A N/A N/A
POSTDEC2 6X27 6X22 8X27 8X22 N/A N/A N/A
PREINC2 6X27 6X22 8X27 8X22 N/A N/A N/A
PLUSW2 6X27 6X22 8X27 8X22 N/A N/A N/A
FSR2H 6X27 6X22 8X27 8X22 ---- 0000 ---- 0000 ---- uuuu
FSR2L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
STATUS 6X27 6X22 8X27 8X22 ---x xxxx ---u uuuu ---u uuuu
TMR0H 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
TMR0L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
T0CON 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu
OSCCON 6X27 6X22 8X27 8X22 0100 q000 0100 q000 uuuu uuqu
HLVDCON 6X27 6X22 8X27 8X22 0-00 0101 0-00 0101 u-uu uuuu
WDTCON 6X27 6X22 8X27 8X22 ---- ---0 ---- ---0 ---- ---u
RCON(4) 6X27 6X22 8X27 8X22 0q-1 11q0 0q-q qquu uq-u qquu
TMR1H 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
TMR1L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
T1CON 6X27 6X22 8X27 8X22 0000 0000 u0uu uuuu uuuu uuuu
TMR2 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
PR2 6X27 6X22 8X27 8X22 1111 1111 uuuu uuuu uuuu uuuu
T2CON 6X27 6X22 8X27 8X22 -000 0000 -000 0000 -uuu uuuu
SSP1BUF 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
SSP1ADD 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
SSP1STAT 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
SSP1CON1 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
SSP1CON2 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu








Wake-up via WDT 
or Interrupt
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONx or PIRx registers will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector 
(0008h or 0018h).
3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are updated with 
the current value of the PC. The STKPTR is modified to point to the next location in the hardware stack.
4: See Table 4-3 for Reset value for specific condition.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not enabled 
as PORTA pins, they are disabled and read ‘0’. 
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ADRESH 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
ADRESL 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
ADCON0 6X27 6X22 8X27 8X22 --00 0000 --00 0000 --uu uuuu
ADCON1 6X27 6X22 8X27 8X22 --00 0000 --00 0000 --uu uuuu
ADCON2 6X27 6X22 8X27 8X22 0-00 0000 0-00 0000 u-uu uuuu
CCPR1H 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCPR1L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCP1CON 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
CCPR2H 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCPR2L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCP2CON 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
CCPR3H 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCPR3L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCP3CON 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
ECCP1AS 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
CVRCON 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
CMCON 6X27 6X22 8X27 8X22 0000 0111 0000 0111 uuuu uuuu
TMR3H 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
TMR3L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
T3CON 6X27 6X22 8X27 8X22 0000 0000 uuuu uuuu uuuu uuuu
PSPCON 6X27 6X22 8X27 8X22 0000 ---- 0000 ---- uuuu ----
SPBRG1 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
RCREG1 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
TXREG1 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
TXSTA1 6X27 6X22 8X27 8X22 0000 0010 0000 0010 uuuu uuuu
RCSTA1 6X27 6X22 8X27 8X22 0000 000x 0000 000x uuuu uuuu
EEADRH 6X27 6X22 8X27 8X22 ---- --00 ---- --00 ---- --uu
EEADR 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
EEDATA 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
EECON2 6X27 6X22 8X27 8X22 0000 0000 0000 0000 0000 0000
EECON1 6X27 6X22 8X27 8X22 xx-0 x000 uu-0 u000 uu-u uuuu








Wake-up via WDT 
or Interrupt
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONx or PIRx registers will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector 
(0008h or 0018h).
3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are updated with 
the current value of the PC. The STKPTR is modified to point to the next location in the hardware stack.
4: See Table 4-3 for Reset value for specific condition.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not enabled 
as PORTA pins, they are disabled and read ‘0’. 
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IPR3 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu 
PIR3 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu(1)
PIE3 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu 
IPR2 6X27 6X22 8X27 8X22 11-1 1111 11-1 1111 uu-u uuuu 
PIR2 6X27 6X22 8X27 8X22 00-0 0000 00-0 0000 uu-u uuuu(1)
PIE2 6X27 6X22 8X27 8X22 00-0 0000 00-0 0000 uu-u uuuu 
IPR1 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu 
PIR1 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu(1)
PIE1 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu 
MEMCON 6X27 6X22 8X27 8X22 0-00 --00 0-00 --00 u-uu --uu
OSCTUNE 6X27 6X22 8X27 8X22 00-0 0000 00-0 0000 uu-u uuuu
TRISJ 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu 
TRISH 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu 
TRISG 6X27 6X22 8X27 8X22 ---1 1111 ---1 1111 ---u uuuu 
TRISF 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu 
TRISE 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu
TRISD 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu 
TRISC 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu 
TRISB 6X27 6X22 8X27 8X22 1111 1111 1111 1111 uuuu uuuu 
TRISA(5) 6X27 6X22 8X27 8X22 1111 1111(5) 1111 1111(5) uuuu uuuu(5)
LATJ 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
LATH 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
LATG 6X27 6X22 8X27 8X22 --xx xxxx --uu uuuu --uu uuuu 
LATF 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
LATE 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
LATD 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
LATC 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
LATB 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
LATA(5) 6X27 6X22 8X27 8X22 xxxx xxxx(5) uuuu uuuu(5) uuuu uuuu(5)
PORTJ 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
PORTH 6X27 6X22 8X27 8X22 0000 xxxx uuuu uuuu uuuu uuuu 
PORTG 6X27 6X22 8X27 8X22 --xx xxxx --uu uuuu --uu uuuu 
PORTF 6X27 6X22 8X27 8X22 x000 0000 u000 0000 uuuu uuuu 
PORTE 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
PORTD 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
PORTC 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 
PORTB 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu 








Wake-up via WDT 
or Interrupt
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONx or PIRx registers will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector 
(0008h or 0018h).
3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are updated with 
the current value of the PC. The STKPTR is modified to point to the next location in the hardware stack.
4: See Table 4-3 for Reset value for specific condition.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not enabled 
as PORTA pins, they are disabled and read ‘0’. 
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PORTA(5) 6X27 6X22 8X27 8X22 xx0x 0000(5) uu0u 0000(5) uuuu uuuu(5)
SPBRGH1 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
BAUDCON1 6X27 6X22 8X27 8X22 01-0 0-00 01-0 0-00 uu-u u-uu
SPBRGH2 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
BAUDCON2 6X27 6X22 8X27 8X22 01-0 0-00 01-0 0-00 uu-u u-uu
ECCP1DEL 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
TMR4 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
PR4 6X27 6X22 8X27 8X22 1111 1111 uuuu uuuu uuuu uuuu
T4CON 6X27 6X22 8X27 8X22 -000 0000 -000 0000 -uuu uuuu
CCPR4H 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCPR4L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCP4CON 6X27 6X22 8X27 8X22 --00 0000 --00 0000 --uu uuuu
CCPR5H 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCPR5L 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
CCP5CON 6X27 6X22 8X27 8X22 --00 0000 --00 0000 --uu uuuu
SPBRG2 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
RCREG2 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
TXREG2 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
TXSTA2 6X27 6X22 8X27 8X22 0000 0010 0000 0010 uuuu uuuu
RCSTA2 6X27 6X22 8X27 8X22 0000 000x 0000 000x uuuu uuuu
ECCP3AS 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
ECCP3DEL 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
ECCP2AS 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
ECCP2DEL 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
SSP2BUF 6X27 6X22 8X27 8X22 xxxx xxxx uuuu uuuu uuuu uuuu
SSP2ADD 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
SSP2STAT 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
SSP2CON1 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu
SSP2CON2 6X27 6X22 8X27 8X22 0000 0000 0000 0000 uuuu uuuu








Wake-up via WDT 
or Interrupt
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONx or PIRx registers will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector 
(0008h or 0018h).
3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are updated with 
the current value of the PC. The STKPTR is modified to point to the next location in the hardware stack.
4: See Table 4-3 for Reset value for specific condition.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not enabled 
as PORTA pins, they are disabled and read ‘0’. 
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5.0 MEMORY ORGANIZATION
There are three types of memory in PIC18 Enhanced
microcontroller devices:
• Program Memory
• Data RAM 
• Data EEPROM 
As Harvard architecture devices, the data and program
memories use separate busses; this allows for concur-
rent access of the two memory spaces. The data
EEPROM, for practical purposes, can be regarded as
a peripheral device, since it is addressed and accessed
through a set of control registers.
Additional detailed information on the operation of the
Flash program memory is provided in Section 6.0
“Flash Program Memory”. Data EEPROM is
discussed separately in Section 8.0 “Data EEPROM
Memory”.
5.1 Program Memory Organization
PIC18 microcontrollers implement a 21-bit program
counter, which is capable of addressing a 2-Mbyte
program memory space. Accessing a location between
the upper boundary of the physically implemented
memory and the 2-Mbyte address will return all ‘0’s (a
NOP instruction).
The PIC18F6527 and PIC18F8527 each have 48 Kbytes
of Flash memory and can store up to 24,576 single-word
instructions.
The PIC18F6622 and PIC18F8622 each have 64 Kbytes
of Flash memory and can store up to 32,768 single-word
instructions.
The PIC18F6627 and PIC18F8627 each have 96 Kbytes
of Flash memory and can store up to 49,152 single-word
instructions. 
The PIC18F6722 and PIC18F8722 each have
128 Kbytes of Flash memory and can store up to
65,536 single-word instructions.
PIC18 devices have two interrupt vectors. The Reset
vector address is at 0000h and the interrupt vector
addresses are at 0008h and 0018h.
The program memory map for the PIC18F8722 family
of devices is shown in Figure 5-1.
5.1.1 PIC18F8527/8622/8627/8722 
PROGRAM MEMORY MODES
PIC18F8527/8622/8627/8722 devices differ signifi-
cantly from their PIC18 predecessors in their utilization
of program memory. In addition to available on-chip
Flash program memory, these controllers can also
address up to 2 Mbytes of external program memory
through the external memory interface. There are four
distinct operating modes available to the controllers:
• Microprocessor (MP)
• Microprocessor with Boot Block (MPBB)
• Extended Microcontroller (EMC)
• Microcontroller (MC)
The program memory mode is determined by setting
the two Least Significant bits of the Configuration
Register 3L (CONFIG3L) as shown in Register 25-4
(see Section 25.1 “Configuration Bits” for additional
details on the device Configuration bits).
The program memory modes operate as follows:
• The Microprocessor Mode permits access only 
to external program memory; the contents of the 
on-chip Flash memory are ignored. The 21-bit 
program counter permits access to a 2-Mbyte 
linear program memory space.
• The Microprocessor with Boot Block Mode 
accesses on-chip Flash memory from the boot 
block. Above this, external program memory is 
accessed all the way up to the 2-Mbyte limit. 
Program execution automatically switches 
between the two memories as required. The boot 
block is configurable to 1, 2 or 4 Kbytes.
• The Microcontroller Mode accesses only 
on-chip Flash memory. Attempts to read above the 
physical limit of the on-chip Flash (0BFFFh for the 
PIC18F8527, 0FFFFh for the PIC18F8622, 
17FFFh for the PIC18F8627, 1FFFFh for the 
PIC18F8722) causes a read of all ‘0’s (a NOP 
instruction).
The Microcontroller mode is also the only operating 
mode available to PIC18F6527/6622/6627/6722 
devices.
• The Extended Microcontroller Mode allows 
access to both internal and external program 
memories as a single block. The device can 
access its entire on-chip Flash memory; above 
this, the device accesses external program 
memory up to the 2-Mbyte program space limit. 
As with Boot Block mode, execution automatically 
switches between the two memories as required.
In all modes, the microcontroller has complete access
to data RAM and EEPROM.
Figure 5-2 compares the memory maps of the different
program memory modes. The differences between
on-chip and external memory access limitations are
more fully explained in Table 5-1.
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FIGURE 5-1: PROGRAM MEMORY MAP AND STACK FOR PIC18F8722 FAMILY DEVICES





























































Microprocessor No Access No Access No Access Yes Yes Yes
Microprocessor 
w/ Boot Block
Yes Yes Yes Yes Yes Yes
Microcontroller Yes Yes Yes No Access No Access No Access
Extended 
Microcontroller
Yes Yes Yes Yes Yes Yes
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Note 1: PIC18F6527 and PIC18F8527.
2: PIC18F6622 and PIC18F8622.
3: PIC18F6627 and PIC18F8627.
4: PIC18F6722 and PIC18F8722.
5: This is the only mode available on PIC18F6527/6622/6627/6722 devices.
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5.1.2 PROGRAM COUNTER
The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21 bits wide
and is contained in three separate 8-bit registers. The
low byte, known as the PCL register, is both readable
and writable. The high byte, or PCH register, contains
the PC<15:8> bits; it is not directly readable or writable.
Updates to the PCH register are performed through the
PCLATH register. The upper byte is called PCU. This
register contains the PC<20:16> bits; it is also not
directly readable or writable. Updates to the PCU
register are performed through the PCLATU register. 
The contents of PCLATH and PCLATU are transferred
to the program counter by any operation that writes
PCL. Similarly, the upper two bytes of the program
counter are transferred to PCLATH and PCLATU by an
operation that reads PCL. This is useful for computed
offsets to the PC (see Section 5.1.5.1 “Computed
GOTO”).
The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the Least Significant bit of PCL is fixed to
a value of ‘0’. The PC increments by 2 to address
sequential instructions in the program memory.
The CALL, RCALL, GOTO and program branch
instructions write to the program counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the program counter.
5.1.3 RETURN ADDRESS STACK
The return address stack allows any combination of up
to 31 program calls and interrupts to occur. The PC is
pushed onto the stack when a CALL or RCALL instruc-
tion is executed or an interrupt is Acknowledged. The
PC value is pulled off the stack on a RETURN, RETLW
or a RETFIE instruction. PCLATU and PCLATH are not
affected by any of the RETURN or CALL instructions.
The stack operates as a 31-word by 21-bit RAM and a
5-bit Stack Pointer, STKPTR. The stack space is not
part of either program or data space. The Stack Pointer
is readable and writable and the address on the top of
the stack is readable and writable through the top-of-
stack Special File Registers. Data can also be pushed
to, or popped from the stack, using these registers. 
A CALL type instruction causes a push onto the stack;
the Stack Pointer is first incremented and the location
pointed to by the Stack Pointer is written with the
contents of the PC (already pointing to the instruction
following the CALL). A RETURN type instruction causes
a POP from the stack; the contents of the location
pointed to by the STKPTR are transferred to the PC
and then the Stack Pointer is decremented.
The Stack Pointer is initialized to ‘00000’ after all
Resets. There is no RAM associated with the location
corresponding to a Stack Pointer value of ‘00000’; this
is only a Reset value. Status bits indicate if the stack is
full or has overflowed or has underflowed. 
5.1.3.1 Top-of-Stack Access
Only the top of the return address stack (TOS) is
readable and writable. A set of three registers,
TOSU:TOSH:TOSL, hold the contents of the stack loca-
tion pointed to by the STKPTR register (Figure 5-3). This
allows users to implement a software stack if necessary.
After a CALL, RCALL or interrupt, the software can read
the pushed value by reading the TOSU:TOSH:TOSL
registers. These values can be placed on a user defined
software stack. At return time, the software can return
these values to TOSU:TOSH:TOSL and do a return.
The user must disable the global interrupt enable bits
while accessing the stack to prevent inadvertent stack
corruption. 
















Top-of-Stack Registers Stack Pointer
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5.1.3.2 Return Stack Pointer (STKPTR)
The STKPTR register (Register 5-1) contains the Stack
Pointer value, the STKFUL (Stack Full) status bit and
the STKUNF (Stack Underflow) status bits. The value
of the Stack Pointer can be 0 through 31. The Stack
Pointer increments before values are pushed onto the
stack and decrements after values are popped off the
stack. On Reset, the Stack Pointer value will be zero.
The user may read and write the Stack Pointer value.
This feature can be used by a Real-Time Operating
System (RTOS) for return stack maintenance.
After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit is cleared by software or by a
POR.
The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack Over-
flow Reset Enable) Configuration bit. (Refer to
Section 25.1 “Configuration Bits” for a description of
the device Configuration bits.) If STVREN is set
(default), the 31st PUSH will push the (PC + 2) value
onto the stack, set the STKFUL bit and reset the
device. The STKFUL bit will remain set and the Stack
Pointer will be set to zero.
If STVREN is cleared, the STKFUL bit will be set on the
31st PUSH and the Stack Pointer will increment to 31.
Any additional pushes will not overwrite the 31st PUSH
and STKPTR will remain at 31.
When the stack has been popped enough times to
unload the stack, the next POP will return a value of
zero to the PC and set the STKUNF bit, while the Stack
Pointer remains at zero. The STKUNF bit will remain
set until cleared by software or until a POR occurs.
5.1.3.3 PUSH and POP Instructions
Since the Top-of-Stack is readable and writable, the
ability to push values onto the stack and pull values off
the stack without disturbing normal program execution
is a desirable feature. The PIC18 instruction set
includes two instructions, PUSH and POP, that permit
the TOS to be manipulated under software control.
TOSU, TOSH and TOSL can be modified to place data
or a return address on the stack.
The PUSH instruction places the current PC value onto
the stack. This increments the Stack Pointer and loads
the current PC value onto the stack.
The POP instruction discards the current TOS by decre-
menting the Stack Pointer. The previous value pushed
onto the stack then becomes the TOS value.
Note: Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and
appropriate actions can be taken. This is
not the same as a Reset, as the contents
of the SFRs are not affected.
REGISTER 5-1: STKPTR: STACK POINTER REGISTER 
R/C-0 R/C-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL(1) STKUNF(1) — SP4 SP3 SP2 SP1 SP0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 STKFUL: Stack Full Flag bit(1)
1 = Stack became full or overflowed 
0 = Stack has not become full or overflowed
bit 6 STKUNF: Stack Underflow Flag bit(1)
1 = Stack underflow occurred 
0 = Stack underflow did not occur
bit 5 Unimplemented: Read as ‘0’
bit 4-0 SP<4:0>: Stack Pointer Location bits
Note 1: Bit 7 and bit 6 are cleared by user software or by a POR.
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5.1.3.4 Stack Full and Underflow Resets
Device Resets on stack overflow and stack underflow
conditions are enabled by setting the STVREN bit in
Configuration Register 4L. When STVREN is set, a full
or underflow will set the appropriate STKFUL or
STKUNF bit and then cause a device Reset. When
STVREN is cleared, a full or underflow condition will set
the appropriate STKFUL or STKUNF bit, but not cause
a device Reset. The STKFUL or STKUNF bits are
cleared by the user software or a Power-on Reset.
5.1.4 FAST REGISTER STACK
A fast register stack is provided for the STATUS,
WREG and BSR registers, to provide a “fast return”
option for interrupts. The stack for each register is only
one level deep and is neither readable nor writable. It is
loaded with the current value of the corresponding reg-
ister when the processor vectors for an interrupt. All
interrupt sources will push values into the Stack regis-
ters. The values in the registers are then loaded back
into their associated registers if the RETFIE, FAST
instruction is used to return from the interrupt.
If both low and high-priority interrupts are enabled, the
stack registers cannot be used reliably to return from
low-priority interrupts. If a high-priority interrupt occurs
while servicing a low-priority interrupt, the Stack regis-
ter values stored by the low-priority interrupt will be
overwritten. In these cases, users must save the key
registers in software during a low-priority interrupt.
If interrupt priority is not used, all interrupts may use the
fast register stack for returns from interrupt. If no inter-
rupts are used, the fast register stack can be used to
restore the STATUS, WREG and BSR registers at the
end of a subroutine call. To use the fast register stack
for a subroutine call, a CALL label, FAST instruction
must be executed to save the STATUS, WREG and
BSR registers to the fast register stack. A
RETURN, FAST instruction is then executed to restore
these registers from the fast register stack.
Example 5-1 shows a source code example that uses
the fast register stack during a subroutine call and return.
EXAMPLE 5-1: FAST REGISTER STACK 
CODE EXAMPLE 
5.1.5 LOOK-UP TABLES IN PROGRAM 
MEMORY
There may be programming situations that require the
creation of data structures, or look-up tables, in
program memory. For PIC18 devices, look-up tables
can be implemented in two ways:
• Computed GOTO 
• Table Reads
5.1.5.1 Computed GOTO
A computed GOTO is accomplished by adding an offset
to the program counter. An example is shown in
Example 5-2.
A look-up table can be formed with an ADDWF PCL
instruction and a group of RETLW nn instructions. The W
register is loaded with an offset into the table before exe-
cuting a call to that table. The first instruction of the called
routine is the ADDWF PCL instruction. The next instruction
executed will be one of the RETLW nn instructions that
returns the value ‘nn’ to the calling function.
The offset value (in WREG) specifies the number of
bytes that the program counter should advance and
should be multiples of 2 (LSb = 0).
In this method, only one data byte may be stored in
each instruction location and room on the return
address stack is required. 
EXAMPLE 5-2: COMPUTED GOTO USING AN OFFSET VALUE
Note: The “ADDWF PCL” instruction does not
update the PCLATH and PCLATU registers.
A read operation on PCL must be performed
to update PCLATH and PCLATU.
CALL SUB1, FAST ;STATUS, WREG, BSR






RETURN, FAST ;RESTORE VALUES SAVED






TABLE MOVF PCL, F ; A simple read of PCL will update PCLATH, PCLATU
RLNCF W, W ; Multiply by 2 to get correct offset in table
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5.1.5.2 Table Reads and Table Writes
A better method of storing data in program memory
allows two bytes of data to be stored in each instruction
location.
Look-up table data may be stored two bytes per pro-
gram word by using table reads and writes. The Table
Pointer (TBLPTR) register specifies the byte address
and the Table Latch (TABLAT) register contains the
data that is read from or written to program memory.
Data is transferred to or from program memory one
byte at a time.
Table read and table write operations are discussed
further in Section 6.1 “Table Reads and Table
Writes”.
5.2 PIC18 Instruction Cycle
5.2.1 CLOCKING SCHEME
The microcontroller clock input, whether from an internal
or external source, is internally divided by four to gener-
ate four non-overlapping quadrature clocks (Q1, Q2, Q3
and Q4). Internally, the program counter is incremented
on every Q1; the instruction is fetched from the program
memory and latched into the instruction register during
Q4. The instruction is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow are shown in Figure 5-4. 
5.2.2 INSTRUCTION FLOW/PIPELINING
An “Instruction Cycle” consists of four Q cycles: Q1
through Q4. The instruction fetch and execute are
pipelined in such a manner that a fetch takes one
instruction cycle, while the decode and execute take
another instruction cycle. However, due to the pipe-
lining, each instruction effectively executes in one
cycle. If an instruction causes the program counter to
change (e.g., GOTO), then two cycles are required to
complete the instruction (Example 5-3).
A fetch cycle begins with the program counter
incrementing in Q1.
In the execution cycle, the fetched instruction is latched
into the Instruction Register (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3 and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).
FIGURE 5-4: CLOCK/INSTRUCTION CYCLE
EXAMPLE 5-3: INSTRUCTION PIPELINE FLOW









PC PC + 2 PC + 4
Fetch INST (PC)
Execute INST (PC – 2)
Fetch INST (PC + 2)
Execute INST (PC)
Fetch INST (PC + 4)




All instructions are single cycle, except for any program branches. These take two cycles since the fetch instruction
is “flushed” from the pipeline while the new instruction is being fetched and then executed. 
TCY0 TCY1 TCY2 TCY3 TCY4 TCY5
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. BRA  SUB_1 Fetch 3 Execute 3
4. BSF   PORTA, BIT3 (Forced NOP) Fetch 4 Flush (NOP)
5. Instruction @ address SUB_1 Fetch SUB_1 Execute SUB_1
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5.2.3 INSTRUCTIONS IN PROGRAM 
MEMORY
The program memory is addressed in bytes. Instruc-
tions are stored as two bytes or four bytes in program
memory. The Least Significant Byte of an instruction
word is always stored in a program memory location
with an even address (LSb = 0). To maintain alignment
with instruction boundaries, the PC increments in steps
of 2 and the LSb will always read ‘0’ (see Section 5.1.2
“Program Counter”).
Figure 5-5 shows an example of how instruction words
are stored in the program memory.
The CALL and GOTO instructions have the absolute pro-
gram memory address embedded into the instruction.
Since instructions are always stored on word boundar-
ies, the data contained in the instruction is a word
address. The word address is written to PC<20:1>,
which accesses the desired byte address in program
memory. Instruction #2 in Figure 5-5 shows how the
instruction GOTO 0006h is encoded in the program
memory. Program branch instructions, which encode a
relative address offset, operate in the same manner. The
offset value stored in a branch instruction represents the
number of single-word instructions that the PC will be
offset by. Section 26.0 “Instruction Set Summary”
provides further details of the instruction set.
FIGURE 5-5: INSTRUCTIONS IN PROGRAM MEMORY
Word Address
LSB = 1 LSB = 0 ↓
Program Memory
Byte Locations  →       000000h000002h
000004h
000006h
Instruction 1: MOVLW 055h 0Fh 55h 000008h
Instruction 2: GOTO 0006h EFh 03h 00000Ah
F0h 00h 00000Ch
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5.2.4 TWO-WORD INSTRUCTIONS
The standard PIC18 instruction set has 8 two-word
instructions: CALL, MOVFF, GOTO, LSFR, ADDULNK,
CALLW, MOVSS and SUBULNK. In all cases, the
second word of the instructions always has ‘1111’ as
its four Most Significant bits; the other 12 bits are literal
data, usually a data memory address. 
The use of ‘1111’ in the 4 MSbs of an instruction spec-
ifies a special form of NOP. If the instruction is executed
in proper sequence – immediately after the first word –
the data in the second word is accessed and used by
the instruction sequence. If the first word is skipped for
some reason and the second word is executed by itself,
a NOP is executed instead. This is necessary for cases
when the two-word instruction is preceded by a condi-
tional instruction that changes the PC. Example 5-4
shows how this works.
EXAMPLE 5-4: TWO-WORD INSTRUCTIONS
Note: See Section 5.6 “PIC18 Instruction
Execution and the Extended Instruc-
tion Set” for information on two-word
instructions in the extended instruction set.
CASE 1:
Object Code Source Code
0110 0110 0000 0000 TSTFSZ REG1 ; is RAM location 0?
1100 0001 0010 0011 MOVFF REG1, REG2 ; No, skip this word
1111 0100 0101 0110 ; Execute this word as a NOP
0010 0100 0000 0000 ADDWF REG3 ; continue code
CASE 2:
Object Code Source Code
0110 0110 0000 0000 TSTFSZ REG1 ; is RAM location 0?
1100 0001 0010 0011 MOVFF REG1, REG2 ; Yes, execute this word
1111 0100 0101 0110 ; 2nd word of instruction
0010 0100 0000 0000 ADDWF REG3 ; continue code
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5.3 Data Memory Organization
The data memory in PIC18 devices is implemented as
static RAM. Each register in the data memory has a
12-bit address, allowing up to 4096 bytes of data
memory. The memory space is divided into as many as
16 banks that contain 256 bytes each; the PIC18F8722
family of devices implements all 16 banks. Figure 5-6
shows the data memory organization for the
PIC18F8722 family of devices.
The data memory contains Special Function Registers
(SFRs) and General Purpose Registers (GPRs). The
SFRs are used for control and status of the controller
and peripheral functions, while GPRs are used for data
storage and scratchpad operations in the user’s
application. Any read of an unimplemented location will
read as ‘0’s.
The instruction set and architecture allow operations
across all banks. The entire data memory may be
accessed by Direct, Indirect or Indexed Addressing
modes. Addressing modes are discussed later in this
subsection.
To ensure that commonly used registers (SFRs and
select GPRs) can be accessed in a single cycle, PIC18
devices implement an Access Bank. This is a 256-byte
memory space that provides fast access to SFRs and
the lower portion of GPR Bank 0 without using the
BSR. Section 5.3.2 “Access Bank” provides a
detailed description of the Access RAM.
5.3.1 BANK SELECT REGISTER (BSR)
Large areas of data memory require an efficient
addressing scheme to make rapid access to any
address possible. Ideally, this means that an entire
address does not need to be provided for each read or
write operation. For PIC18 devices, this is accom-
plished with a RAM banking scheme. This divides the
memory space into 16 contiguous banks of 256 bytes.
Depending on the instruction, each location can be
addressed directly by its full 12-bit address, or an 8-bit
low-order address and a 4-bit Bank Pointer.
Most instructions in the PIC18 instruction set make use
of the Bank Pointer, known as the Bank Select Register
(BSR). This SFR holds the 4 Most Significant bits of a
location’s address; the instruction itself includes the
8 Least Significant bits. Only the four lower bits of the
BSR are implemented (BSR<3:0>). The upper four bits
are unused; they will always read ‘0’ and cannot be
written to. The BSR can be loaded directly by using the
MOVLB instruction.
The value of the BSR indicates the bank in data
memory; the 8 bits in the instruction show the location
in the bank and can be thought of as an offset from the
bank’s lower boundary. The relationship between the
BSR’s value and the bank division in data memory is
shown in Figure 5-7.
Since up to 16 registers may share the same low-order
address, the user must always be careful to ensure that
the proper bank is selected before performing a data
read or write. For example, writing what should be
program data to an 8-bit address of F9h while the BSR
is 0Fh will end up resetting the program counter. 
While any bank can be selected, only those banks that
are actually implemented can be read or written to.
Writes to unimplemented banks are ignored, while
reads from unimplemented banks will return ‘0’s. Even
so, the STATUS register will still be affected as if the
operation was successful. The data memory map in
Figure 5-6 indicates which banks are implemented.
In the core PIC18 instruction set, only the MOVFF
instruction fully specifies the 12-bit address of the
source and target registers. This instruction ignores the
BSR completely when it executes. All other instructions
include only the low-order address as an operand and
must use either the BSR or the Access Bank to locate
their target registers.
Note: The operation of some aspects of data
memory are changed when the PIC18
extended instruction set is enabled. See
Section 5.5 “Data Memory and the
Extended Instruction Set” for more
information.
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When ‘a’ = 0: 
The BSR is ignored and the
Access Bank is used.
The first 96 bytes are 
general purpose RAM 
(from Bank 0). 
The second 160 bytes are
Special Function Registers
(from Bank 15).
When ‘a’ = 1: 
The BSR specifies the Bank
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FIGURE 5-7: USE OF THE BANK SELECT REGISTER (DIRECT ADDRESSING)      
5.3.2 ACCESS BANK
While the use of the BSR with an embedded 8-bit
address allows users to address the entire range of
data memory, it also means that the user must always
ensure that the correct bank is selected. Otherwise,
data may be read from or written to the wrong location.
This can be disastrous if a GPR is the intended target
of an operation, but an SFR is written to instead.
Verifying and/or changing the BSR for each read or
write to data memory can become very inefficient.
To streamline access for the most commonly used data
memory locations, the data memory is configured with
an Access Bank, which allows users to access a
mapped block of memory without specifying a BSR.
The Access Bank consists of the first 96 bytes of
memory (00h-5Fh) in Bank 0 and the last 160 bytes of
memory (60h-FFh) in Block 15. The lower half is known
as the “Access RAM” and is composed of GPRs. This
upper half is also where the device’s SFRs are
mapped. These two areas are mapped contiguously in
the Access Bank and can be addressed in a linear
fashion by an 8-bit address (Figure 5-6).
The Access Bank is used by core PIC18 instructions
that include the Access RAM bit (the ‘a’ parameter in
the instruction). When ‘a’ is equal to ‘1’, the instruction
uses the BSR and the 8-bit address included in the
opcode for the data memory address. When ‘a’ is ‘0’,
however, the instruction is forced to use the Access
Bank address map; the current value of the BSR is
ignored entirely. 
Using this “forced” addressing allows the instruction to
operate on a data address in a single cycle, without
updating the BSR first. For 8-bit addresses of 60h and
above, this means that users can evaluate and operate
on SFRs more efficiently. The Access RAM below 60h
is a good place for data values that the user might need
to access rapidly, such as immediate computational
results or common program variables. Access RAM
also allows for faster and more code efficient context
saving and switching of variables.
The mapping of the Access Bank is slightly different
when the extended instruction set is enabled (XINST
Configuration bit = 1). This is discussed in more detail
in Section 5.5.3 “Mapping the Access Bank in
Indexed Literal Offset Mode”.
5.3.3 GENERAL PURPOSE REGISTER 
FILE
PIC18 devices may have banked memory in the GPR
area. This is data RAM, which is available for use by all
instructions. GPRs start at the bottom of Bank 0
(address 000h) and grow upwards towards the bottom of
the SFR area. GPRs are not initialized by a Power-on
Reset and are unchanged on all other Resets.
Note 1: The Access RAM bit of the instruction can be used to force an override of the selected bank (BSR<3:0>) to 
the registers of the Access Bank.
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7 0
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5.3.4 SPECIAL FUNCTION REGISTERS
The Special Function Registers (SFRs) are registers
used by the CPU and peripheral modules for controlling
the desired operation of the device. These registers are
implemented as static RAM. SFRs start at the top of
data memory (FFFh) and extend downward to occupy
the top half of Bank 15 (F60h to FFFh). A list of these
registers is given in Table 5-2 and Table 5-3.
The SFRs can be classified into two sets: those
associated with the “core” device functionality (ALU,
Resets and interrupts) and those related to the
peripheral functions. The Reset and interrupt registers
are described in their respective chapters, while the
ALU’s STATUS register is described later in this sec-
tion. Registers related to the operation of a peripheral
feature are described in the chapter for that peripheral.
The SFRs are typically distributed among the
peripherals whose functions they control. Unused SFR
locations are unimplemented and read as ‘0’s.
TABLE 5-2: SPECIAL FUNCTION REGISTER MAP FOR THE PIC18F8722 FAMILY OF DEVICES
Address Name Address Name Address Name Address Name Address Name
FFFh TOSU FDFh INDF2(1) FBFh CCPR1H F9Fh IPR1 F7Fh SPBRGH1
FFEh TOSH FDEh POSTINC2(1) FBEh CCPR1L F9Eh PIR1 F7Eh BAUDCON1
FFDh TOSL FDDh POSTDEC2(1) FBDh CCP1CON F9Dh PIE1 F7Dh SPBRGH2
FFCh STKPTR FDCh PREINC2(1) FBCh CCPR2H F9Ch MEMCON F7Ch BAUDCON2
FFBh PCLATU FDBh PLUSW2(1) FBBh CCPR2L F9Bh OSCTUNE F7Bh —(2)
FFAh PCLATH FDAh FSR2H FBAh CCP2CON F9Ah TRISJ(3) F7Ah —(2)
FF9h PCL FD9h FSR2L FB9h CCPR3H F99h TRISH(3) F79h ECCP1DEL
FF8h TBLPTRU FD8h STATUS FB8h CCPR3L F98h TRISG F78h TMR4
FF7h TBLPTRH FD7h TMR0H FB7h CCP3CON F97h TRISF F77h PR4
FF6h TBLPTRL FD6h TMR0L FB6h ECCP1AS F96h TRISE F76h T4CON
FF5h TABLAT FD5h T0CON FB5h CVRCON F95h TRISD F75h CCPR4H
FF4h PRODH FD4h —(2) FB4h CMCON F94h TRISC F74h CCPR4L
FF3h PRODL FD3h OSCCON FB3h TMR3H F93h TRISB F73h CCP4CON
FF2h INTCON FD2h HLVDCON FB2h TMR3L F92h TRISA F72h CCPR5H
FF1h INTCON2 FD1h WDTCON FB1h T3CON F91h LATJ(3) F71h CCPR5L
FF0h INTCON3 FD0h RCON FB0h PSPCON F90h LATH(3) F70h CCP5CON
FEFh INDF0(1) FCFh TMR1H FAFh SPBRG1 F8Fh LATG F6Fh SPBRG2
FEEh POSTINC0(1) FCEh TMR1L FAEh RCREG1 F8Eh LATF F6Eh RCREG2
FEDh POSTDEC0(1) FCDh T1CON FADh TXREG1 F8Dh LATE F6Dh TXREG2
FECh PREINC0(1) FCCh TMR2 FACh TXSTA1 F8Ch LATD F6Ch TXSTA2
FEBh PLUSW0(1) FCBh PR2 FABh RCSTA1 F8Bh LATC F6Bh RCSTA2
FEAh FSR0H FCAh T2CON FAAh EEADRH F8Ah LATB F6Ah ECCP3AS
FE9h FSR0L FC9h SSP1BUF FA9h EEADR F89h LATA F69h ECCP3DEL
FE8h WREG FC8h SSP1ADD FA8h EEDATA F88h PORTJ(3) F68h ECCP2AS
FE7h INDF1(1) FC7h SSP1STAT FA7h EECON2(1) F87h PORTH(3) F67h ECCP2DEL
FE6h POSTINC1(1) FC6h SSP1CON1 FA6h EECON1 F86h PORTG F66h SSP2BUF
FE5h POSTDEC1(1) FC5h SSP1CON2 FA5h IPR3 F85h PORTF F65h SSP2ADD
FE4h PREINC1(1) FC4h ADRESH FA4h PIR3 F84h PORTE F64h SSP2STAT
FE3h PLUSW1(1) FC3h ADRESL FA3h PIE3 F83h PORTD F63h SSP2CON1
FE2h FSR1H FC2h ADCON0 FA2h IPR2 F82h PORTC F62h SSP2CON2
FE1h FSR1L FC1h ADCON1 FA1h PIR2 F81h PORTB F61h —(2)
FE0h BSR FC0h ADCON2 FA0h PIE2 F80h PORTA F60h —(2)
Note 1: This is not a physical register.
2: Unimplemented registers are read as ‘0’.
3: This register is not available on 64-pin devices.
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TABLE 5-3: REGISTER FILE SUMMARY





TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000 57, 66
TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000 57, 66
TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000 57, 66
STKPTR STKFUL(6) STKUNF(6) — SP4 SP3 SP2 SP1 SP0 00-0 0000 57, 67
PCLATU — — — Holding Register for PC<20:16> ---0 0000 57, 66
PCLATH Holding Register for PC<15:8> 0000 0000 57, 66
PCL PC Low Byte (PC<7:0>) 0000 0000 57, 66
TBLPTRU — — bit 21(7) Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) --00 0000 57, 90
TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000 57, 90
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000 57, 90
TABLAT Program Memory Table Latch 0000 0000 57, 90
PRODH Product Register High Byte xxxx xxxx 57, 117
PRODL Product Register Low Byte xxxx xxxx 57, 117
INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 0000 000x 57, 121
INTCON2 RBPU INTEDG0 INTEDG1 INTEDG2 INTEDG3 TMR0IP INT3IP RBIP 1111 1111 57, 122
INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF 1100 0000 57, 123
INDF0 Uses contents of FSR0 to address data memory – value of FSR0 not changed (not a physical register) N/A 57, 82
POSTINC0 Uses contents of FSR0 to address data memory – value of FSR0 post-incremented (not a physical register) N/A 57, 82
POSTDEC0 Uses contents of FSR0 to address data memory – value of FSR0 post-decremented (not a physical register) N/A 57, 82
PREINC0 Uses contents of FSR0 to address data memory – value of FSR0 pre-incremented (not a physical register) N/A 57, 82
PLUSW0 Uses contents of FSR0 to address data memory – value of FSR0 pre-incremented (not a physical register) – 
value of FSR0 offset by W
N/A 57, 82
FSR0H — — — — Indirect Data Memory Address Pointer 0 High ---- 0000 57, 82
FSR0L Indirect Data Memory Address Pointer 0 Low Byte xxxx xxxx 57, 82
WREG Working Register xxxx xxxx 57
INDF1 Uses contents of FSR1 to address data memory – value of FSR1 not changed (not a physical register) N/A 57, 82
POSTINC1 Uses contents of FSR1 to address data memory – value of FSR1 post-incremented (not a physical register) N/A 57, 82
POSTDEC1 Uses contents of FSR1 to address data memory – value of FSR1 post-decremented (not a physical register) N/A 57, 82
PREINC1 Uses contents of FSR1 to address data memory – value of FSR1 pre-incremented (not a physical register) N/A 57, 82
PLUSW1 Uses contents of FSR1 to address data memory – value of FSR1 pre-incremented (not a physical register) – 
value of FSR1 offset by W
N/A 57, 82
FSR1H — — — — Indirect Data Memory Address Pointer 1 High ---- 0000 58, 82
FSR1L Indirect Data Memory Address Pointer 1 Low Byte xxxx xxxx 58, 82
BSR — — — — Bank Select Register ---- 0000 58, 72
INDF2 Uses contents of FSR2 to address data memory – value of FSR2 not changed (not a physical register) N/A 58, 82
POSTINC2 Uses contents of FSR2 to address data memory – value of FSR2 post-incremented (not a physical register) N/A 58, 82
POSTDEC2 Uses contents of FSR2 to address data memory – value of FSR2 post-decremented (not a physical register) N/A 58, 82
PREINC2 Uses contents of FSR2 to address data memory – value of FSR2 pre-incremented (not a physical register) N/A 58, 82
PLUSW2 Uses contents of FSR2 to address data memory – value of FSR2 pre-incremented (not a physical register) – 
value of FSR2 offset by W
N/A 58, 82
FSR2H — — — — Indirect Data Memory Address Pointer 2 High ---- 0000 58, 82
FSR2L Indirect Data Memory Address Pointer 2 Low Byte xxxx xxxx 58, 82
Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition
Note 1: The SBOREN bit is only available when the BOREN<1:0> Configuration bits = 01; otherwise, this bit reads as ‘0’.
2: These registers and/or bits are not implemented on 64-pin devices and are read as ‘0’. Reset values are shown for 80-pin devices; 
individual unimplemented bits should be interpreted as ‘-’.
3: The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 2.6.4 “PLL in 
INTOSC Modes”.
4: RA6/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes. 
When disabled, these bits read as ‘0’.
5: RG5 and LATG5 are only available when Master Clear is disabled (MCLRE Configuration bit = 0); otherwise, RG5 and LATG5 read as ‘0’.
6: Bit 7 and Bit 6 are cleared by user software or by a POR.
7: Bit 21 of TBLPTRU allows access to the device Configuration bits.
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STATUS — — — N OV Z DC C ---x xxxx 58, 80
TMR0H Timer0 Register High Byte 0000 0000 58, 163
TMR0L Timer0 Register Low Byte xxxx xxxx 58, 163
T0CON TMR0ON T08BIT T0CS T0SE PSA T0PS2 T0PS1 T0PS0 1111 1111 58, 161
OSCCON IDLEN IRCF2 IRCF1 IRCF0 OSTS IOFS SCS1 SCS0 0100 q000 39, 58
HLVDCON VDIRMAG — IRVST HLVDEN HLVDL3 HLVDL2 HLVDL1 HLVDL0 0-00 0101 58, 291
WDTCON — — — — — — — SWDTEN --- ---0 58, 313
RCON IPEN SBOREN(1) — RI TO PD POR BOR 0q-1 11q0 50, 56, 
58, 133
TMR1H Timer1 Register High Byte xxxx xxxx 58, 169
TMR1L Timer1 Register Low Byte xxxx xxxx 58, 169
T1CON RD16 T1RUN T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0000 0000 58, 165
TMR2 Timer2 Register 0000 0000 58, 172
PR2 Timer2 Period Register 1111 1111 58, 172
T2CON — T2OUTPS3 T2OUTPS2 T2OUTPS1 T2OUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 58, 171
SSP1BUF MSSP1 Receive Buffer/Transmit Register xxxx xxxx 58, 169, 
170
SSP1ADD MSSP1 Address Register in I2C™ Slave mode. MSSP1 Baud Rate Reload Register in I2C Master mode. 0000 0000 58, 170
SSP1STAT SMP CKE D/A P S R/W UA BF 0000 0000 58, 162, 
171
SSP1CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 0000 0000 58, 163, 
172
SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 58, 173
ADRESH A/D Result Register High Byte xxxx xxxx 59, 280
ADRESL A/D Result Register Low Byte xxxx xxxx 59, 280
ADCON0 — — CHS3 CHS2 CHS1 CHS0 GO/DONE ADON --00 0000 59, 271
ADCON1 — — VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0 --00 0000 59, 272
ADCON2 ADFM — ACQT2 ACQT1 ACQT0 ADCS2 ADCS1 ADCS0 0-00 0000 59, 273
CCPR1H Enhanced Capture/Compare/PWM Register 1 High Byte xxxx xxxx 59, 180
CCPR1L Enhanced Capture/Compare/PWM Register 1 Low Byte xxxx xxxx 59, 180
CCP1CON P1M1 P1M0 DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0000 0000 59, 187
CCPR2H Enhanced Capture/Compare/PWM Register 2 High Byte xxxx xxxx 59, 180
CCPR2L Enhanced Capture/Compare/PWM Register 2 Low Byte xxxx xxxx 59, 180
CCP2CON P2M1 P2M0 DC2B1 DC2B0 CCP2M3 CCP2M2 CCP2M1 CCP2M0 0000 0000 59, 179
CCPR3H Enhanced Capture/Compare/PWM Register 3 High Byte xxxx xxxx 59, 180
CCPR3L Enhanced Capture/Compare/PWM Register 3 Low Byte xxxx xxxx 59, 180
CCP3CON P3M1 P3M0 DC3B1 DC3B0 CCP3M3 CCP3M2 CCP3M1 CCP3M0 0000 0000 59, 179
ECCP1AS ECCP1ASE ECCP1AS2 ECCP1AS1 ECCP1AS0 PSS1AC1 PSS1AC0 PSS1BD1 PSS1BD0 0000 0000 59, 201
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVR0 0000 0000 59, 287
CMCON C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0 0000 0111 59, 289
TMR3H Timer3 Register High Byte xxxx xxxx 59, 175
TMR3L Timer3 Register Low Byte xxxx xxxx 59, 175
T3CON RD16 T3CCP2 T3CKPS1 T3CKPS0 T3CCP1 T3SYNC TMR3CS TMR3ON 0000 0000 59, 173
TABLE 5-3: REGISTER FILE SUMMARY (CONTINUED)





Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition
Note 1: The SBOREN bit is only available when the BOREN<1:0> Configuration bits = 01; otherwise, this bit reads as ‘0’.
2: These registers and/or bits are not implemented on 64-pin devices and are read as ‘0’. Reset values are shown for 80-pin devices; 
individual unimplemented bits should be interpreted as ‘-’.
3: The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 2.6.4 “PLL in 
INTOSC Modes”.
4: RA6/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes. 
When disabled, these bits read as ‘0’.
5: RG5 and LATG5 are only available when Master Clear is disabled (MCLRE Configuration bit = 0); otherwise, RG5 and LATG5 read as ‘0’.
6: Bit 7 and Bit 6 are cleared by user software or by a POR.
7: Bit 21 of TBLPTRU allows access to the device Configuration bits.
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PSPCON IBF OBF IBOV PSPMODE — — — — 0000 ---- 59, 252
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte 0000 0000 59, 252
RCREG1 EUSART1 Receive Register 0000 0000 59, 260
TXREG1 EUSART1 Transmit Register 0000 0000 59, 257
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010 59, 248
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 59, 249
EEADRH — — — — — — EEPROM Address 
Register High Byte
---- --00 59, 111
EEADR EEPROM Address Register Low Byte 0000 0000 59, 111
EEDATA EEPROM Data Register 0000 0000 59, 111
EECON2 EEPROM Control Register 2 (not a physical register) 0000 0000 59, 88
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD xx-0 x000 59, 89
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CCP5IP CCP4IP CCP3IP 1111 1111 60, 131
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CCP5IF CCP4IF CCP3IF 0000 0000 60, 125
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CCP5IE CCP4IE CCP3IE 0000 0000 60, 129
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 11-1 1111 60, 131
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 00-0 0000 60, 125
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 00-0 0000 60, 128
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 1111 1111 60, 130
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 0000 0000 60, 124
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 0000 0000 60, 127
MEMCON(2) EBDIS — WAIT1 WAIT0 — — WM1 WM0 0-00 --00 60, 96
OSCTUNE INTSRC PLLEN(3) — TUN4 TUN3 TUN2 TUN1 TUN0 00-0 0000 35, 60
TRISJ(2) TRISJ7 TRISJ6 TRISJ5 TRISJ4 TRISJ3 TRISJ2 TRISJ1 TRISJ0 1111 1111 60, 157
TRISH(2) TRISH7 TRISH6 TRISH5 TRISH4 TRISH3 TRISH2 TRISH1 TRISH0 1111 1111 60, 155
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 ---1 1111 60, 153
TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISF0 1111 1111 60, 150
TRISE TRISE7 TRISE6 TRISE5 TRISE4 TRISE3 TRISE2 TRISE1 TRISE0 1111 1111 60, 148
TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISD0 1111 1111 60, 143
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 1111 1111 60, 140
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 1111 1111 60, 137
TRISA TRISA7(4) TRISA6(4) TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 1111 1111 60, 135
LATJ(2) LATJ7 LATJ6 LATJ5 LATJ4 LATJ3 LATJ2 LATJ1 LATJ0 xxxx xxxx 60, 156
LATH(2) LATH7 LATH6 LATH5 LATH4 LATH3 LATH2 LATH1 LATH0 xxxx xxxx 60, 154
LATG — — LATG5(5) LATG4 LATG3 LATG2 LATG1 LATG0 --xx xxxx 60, 151
LATF LATF7 LATF6 LATF5 LATF4 LATF3 LATF2 LATF1 LATF0 xxxx xxxx 60, 149
LATE LATE7 LATE6 LATE5 LATE4 LATE3 LATE2 LATE1 LATE0 xxxx xxxx 60, 146
LATD LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATD0 xxxx xxxx 60, 143
LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATC0 xxxx xxxx 60, 140
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATB0 xxxx xxxx 60, 137
LATA LATA7(4) LATA6(4) LATA5 LATA4 LATA3 LATA2 LATA1 LATA0 xxxx xxxx 60, 135
TABLE 5-3: REGISTER FILE SUMMARY (CONTINUED)





Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition
Note 1: The SBOREN bit is only available when the BOREN<1:0> Configuration bits = 01; otherwise, this bit reads as ‘0’.
2: These registers and/or bits are not implemented on 64-pin devices and are read as ‘0’. Reset values are shown for 80-pin devices; 
individual unimplemented bits should be interpreted as ‘-’.
3: The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 2.6.4 “PLL in 
INTOSC Modes”.
4: RA6/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes. 
When disabled, these bits read as ‘0’.
5: RG5 and LATG5 are only available when Master Clear is disabled (MCLRE Configuration bit = 0); otherwise, RG5 and LATG5 read as ‘0’.
6: Bit 7 and Bit 6 are cleared by user software or by a POR.
7: Bit 21 of TBLPTRU allows access to the device Configuration bits.
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PORTJ(2) RJ7 RJ6 RJ5 RJ4 RJ3 RJ2 RJ1 RJ0 xxxx xxxx 60, 156
PORTH(2) RH7 RH6 RH5 RH4 RH3 RH2 RH1 RH0 0000 xxxx 60, 154
PORTG — — RG5(5) RG4 RG3 RG2 RG1 RG0 --xx xxxx 60, 151
PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RF0 x000 0000 60, 149
PORTE RE7 RE6 RE5 RE4 RE3 RE2 RE1 RE0 xxxx xxxx 60, 146
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0 xxxx xxxx 60, 143
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RC0 xxxx xxxx 60, 140
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0 xxxx xxxx 60, 137
PORTA RA7(4) RA6(4) RA5 RA4 RA3 RA2 RA1 RA0 xx0x 0000 61, 135
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte 0000 0000 61, 252
BAUDCON1 ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 01-0 0-00 61, 250
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte 0000 0000 61, 252
BAUDCON2 ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 01-0 0-00 61, 250
ECCP1DEL P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DC1 P1DC0 0000 0000 61, 200
TMR4 Timer4 Register 0000 0000 61, 178
PR4 Timer4 Period Register 1111 1111 61, 178
T4CON — T4OUTPS3 T4OUTPS2 T4OUTPS1 T4OUTPS0 TMR4ON T4CKPS1 T4CKPS0 -000 0000 61, 178
CCPR4H Capture/Compare/PWM Register 4 High Byte xxxx xxxx 61, 180
CCPR4L Capture/Compare/PWM Register 4 Low Byte xxxx xxxx 61, 180
CCP4CON — — DC4B1 DC4B0 CCP4M3 CCP4M2 CCP4M1 CCP4M0 --00 0000 61, 179
CCPR5H Capture/Compare/PWM Register 5 High Byte xxxx xxxx 61, 180
CCPR5L Capture/Compare/PWM Register 5 Low Byte xxxx xxxx 61, 180
CCP5CON — — DC5B1 DC5B0 CCP5M3 CCP5M2 CCP5M1 CCP5M0 --00 0000 61, 179
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte 0000 0000 61, 252
RCREG2 EUSART2 Receive Register 0000 0000 61, 260
TXREG2 EUSART2 Transmit Register 0000 0000 61, 257
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010 61, 248
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 61, 249
ECCP3AS ECCP3ASE ECCP3AS2 ECCP3AS1 ECCP3AS0 PSS3AC1 PSS3AC0 PSS3BD1 PSS3BD0 0000 0000 61, 201
ECCP3DEL P3RSEN P3DC6 P3DC5 P3DC4 P3DC3 P3DC2 P3DC1 P3DC0 0000 0000 61, 200
ECCP2AS ECCP2ASE ECCP2AS2 ECCP2AS1 ECCP2AS0 PSS2AC1 PSS2AC0 PSS2BD1 PSS2BD0 0000 0000 61, 201
ECCP2DEL P2RSEN P2DC6 P2DC5 P2DC4 P2DC3 P2DC2 P2DC1 P2DC0 0000 0000 61, 200
SSP2BUF MSSP2 Receive Buffer/Transmit Register xxxx xxxx 61, 170
SSP2ADD MSSP2 Address Register in I2C™ Slave mode. MSSP2 Baud Rate Reload Register in I2C Master mode. 0000 0000 61, 170
SSP2STAT SMP CKE D/A P S R/W UA BF 0000 0000 61, 216
SSP2CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 0000 0000 61, 217
SSP2CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 61, 218
TABLE 5-3: REGISTER FILE SUMMARY (CONTINUED)





Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition
Note 1: The SBOREN bit is only available when the BOREN<1:0> Configuration bits = 01; otherwise, this bit reads as ‘0’.
2: These registers and/or bits are not implemented on 64-pin devices and are read as ‘0’. Reset values are shown for 80-pin devices; 
individual unimplemented bits should be interpreted as ‘-’.
3: The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 2.6.4 “PLL in 
INTOSC Modes”.
4: RA6/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes. 
When disabled, these bits read as ‘0’.
5: RG5 and LATG5 are only available when Master Clear is disabled (MCLRE Configuration bit = 0); otherwise, RG5 and LATG5 read as ‘0’.
6: Bit 7 and Bit 6 are cleared by user software or by a POR.
7: Bit 21 of TBLPTRU allows access to the device Configuration bits.
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5.3.5 STATUS REGISTER
The STATUS register, shown in Register 5-2, contains
the arithmetic status of the ALU. As with any other SFR,
it can be the operand for any instruction. 
If the STATUS register is the destination for an instruction
that affects the Z, DC, C, OV or N bits, the results of the
instruction are not written; instead, the STATUS register
is updated according to the instruction performed. There-
fore, the result of an instruction with the STATUS register
as its destination may be different than intended. As an
example, CLRF STATUS will set the Z bit and leave the
remaining Status bits unchanged (‘000u u1uu’). 
It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOVWF instructions are used to alter the STATUS
register, because these instructions do not affect the Z,
C, DC, OV or N bits in the STATUS register. 
For other instructions that do not affect Status bits, see
the instruction set summaries in Table 26-2 and
Table 26-3.      
Note: The C and DC bits operate as the borrow
and digit borrow bits, respectively, in
subtraction.
REGISTER 5-2: STATUS: ARITHMETIC STATUS REGISTER
U-0 U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N OV Z DC(1) C(2)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4 N: Negative bit 
This bit is used for signed arithmetic (2’s complement). It indicates whether the result was 
negative (ALU MSB = 1).
1 = Result was negative 
0 = Result was positive
bit 3 OV: Overflow bit 
This bit is used for signed arithmetic (2’s complement). It indicates an overflow of the 7-bit 
magnitude which causes the sign bit (bit 7 of the result) to change state.
1 = Overflow occurred for signed arithmetic (in this arithmetic operation) 
0 = No overflow occurred
bit 2 Z: Zero bit 
1 = The result of an arithmetic or logic operation is zero 
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/borrow bit(1) 
For ADDWF, ADDLW, SUBLW and SUBWF instructions: 
1 = A carry-out from the 4th low-order bit of the result occurred 
0 = No carry-out from the 4th low-order bit of the result 
bit 0 C: Carry/borrow bit(2) 
For ADDWF, ADDLW, SUBLW and SUBWF instructions: 
1 = A carry-out from the Most Significant bit of the result occurred 
0 = No carry-out from the Most Significant bit of the result occurred   
Note 1: For borrow, the polarity is reversed. A subtraction is executed by adding the 2’s complement of the second 
operand. For rotate (RRF, RLF) instructions, this bit is loaded with either bit 4 or bit 3 of the source register.
2: For borrow, the polarity is reversed. A subtraction is executed by adding the 2’s complement of the second 
operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low-order bit of the 
source register.
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5.4 Data Addressing Modes
The data memory space can be addressed in several
ways. For most instructions, the addressing mode is
fixed. Other instructions may use up to three modes,
depending on which operands are used and whether or
not the extended instruction set is enabled.





An additional addressing mode, Indexed Literal Offset,
is available when the extended instruction set is
enabled (XINST Configuration bit = 1). Its operation is
discussed in greater detail in Section 5.5.1 “Indexed
Addressing with Literal Offset”. 
5.4.1 INHERENT AND LITERAL 
ADDRESSING
Many PIC18 control instructions do not need any argu-
ment at all; they either perform an operation that globally
affects the device or they operate implicitly on one
register. This addressing mode is known as Inherent
Addressing. Examples include SLEEP, RESET and DAW.
Other instructions work in a similar way but require an
additional explicit argument in the opcode. This is
known as Literal Addressing mode because they
require some literal value as an argument. Examples
include ADDLW and MOVLW, which respectively, add or
move a literal value to the W register. Other examples
include CALL and GOTO, which include a 20-bit
program memory address.
5.4.2 DIRECT ADDRESSING
Direct Addressing specifies all or part of the source
and/or destination address of the operation within the
opcode itself. The options are specified by the
arguments accompanying the instruction.
In the core PIC18 instruction set, bit-oriented and byte-
oriented instructions use some version of Direct
Addressing by default. All of these instructions include
some 8-bit literal address as their Least Significant
Byte. This address specifies either a register address in
one of the banks of data RAM (Section 5.3.3 “General
Purpose Register File”) or a location in the Access
Bank (Section 5.3.2 “Access Bank”) as the data
source for the instruction. 
The Access RAM bit ‘a’ determines how the address is
interpreted. When ‘a’ is ‘1’, the contents of the BSR
(Section 5.3.1 “Bank Select Register (BSR)”) are
used with the address to determine the complete 12-bit
address of the register. When ‘a’ is ‘0’, the address is
interpreted as being a register in the Access Bank.
Addressing that uses the Access RAM is sometimes
also known as Direct Forced Addressing mode.
A few instructions, such as MOVFF, include the entire
12-bit address (either source or destination) in their
opcodes. In these cases, the BSR is ignored entirely.
The destination of the operation’s results is determined
by the destination bit ‘d’. When ‘d’ is ‘1’, the results are
stored back in the source register, overwriting its origi-
nal contents. When ‘d’ is ‘0’, the results are stored in
the W register. Instructions without the ‘d’ argument
have a destination that is implicit in the instruction; their
destination is either the target register being operated
on or the W register.
5.4.3 INDIRECT ADDRESSING
Indirect Addressing allows the user to access a location
in data memory without giving a fixed address in the
instruction. This is done by using File Select Registers
(FSRs) as pointers to the locations to be read or written
to. Since the FSRs are themselves located in RAM as
Special File Registers, they can also be directly manip-
ulated under program control. This makes FSRs very
useful in implementing data structures, such as tables
and arrays in data memory. 
The registers for Indirect Addressing are also
implemented with Indirect File Operands (INDFs) that
permit automatic manipulation of the pointer value with
auto-incrementing, auto-decrementing or offsetting
with another value. This allows for efficient code, using
loops, such as the example of clearing an entire RAM
bank in Example 5-5.
EXAMPLE 5-5: HOW TO CLEAR RAM 
(BANK 1) USING 
INDIRECT ADDRESSING   
Note: The execution of some instructions in the
core PIC18 instruction set are changed
when the PIC18 extended instruction set is
enabled. See Section 5.5 “Data Memory
and the Extended Instruction Set” for
more information.
LFSR FSR0, 100h ;   
NEXT CLRF POSTINC0 ; Clear INDF 
; register then 
; inc pointer 
BTFSS FSR0H, 1 ; All done with
; Bank1? 
BRA NEXT ; NO, clear next 
CONTINUE ; YES, continue 
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5.4.3.1 FSR Registers and the 
INDF Operand
At the core of Indirect Addressing are three sets of
registers: FSR0, FSR1 and FSR2. Each represents a
pair of 8-bit registers, FSRnH and FSRnL. The four
upper bits of the FSRnH register are not used so each
FSR pair holds a 12-bit value. This represents a value
that can address the entire range of the data memory
in a linear fashion. The FSR register pairs, then, serve
as pointers to data memory locations. 
Indirect Addressing is accomplished with a set of
Indirect File Operands, INDF0 through INDF2. These
can be thought of as “virtual” registers: they are
mapped in the SFR space but are not physically imple-
mented. Reading or writing to a particular INDF register
actually accesses its corresponding FSR register pair.
A read from INDF1, for example, reads the data at the
address indicated by FSR1H:FSR1L. Instructions that
use the INDF registers as operands actually use the
contents of their corresponding FSR as a pointer to the
instruction’s target. The INDF operand is just a
convenient way of using the pointer.
Because Indirect Addressing uses a full 12-bit address,
data RAM banking is not necessary. Thus, the current
contents of the BSR and the Access RAM bit have no
effect on determining the target address.
5.4.3.2 FSR Registers and POSTINC, 
POSTDEC, PREINC and PLUSW
In addition to the INDF operand, each FSR register pair
also has four additional indirect operands. Like INDF,
these are “virtual” registers that cannot be indirectly
read or written to. Accessing these registers actually
accesses the associated FSR register pair, but also
performs a specific action on its stored value. They are:
• POSTDEC: accesses the FSR value, then 
automatically decrements it by 1 afterwards
• POSTINC: accesses the FSR value, then 
automatically increments it by 1 afterwards
• PREINC: increments the FSR value by 1, then 
uses it in the operation
• PLUSW: adds the signed value of the W register 
(range of -127 to 128) to that of the FSR and uses 
the new value in the operation.
In this context, accessing an INDF register uses the
value in the FSR registers without changing them.
Similarly, accessing a PLUSW register gives the FSR
value offset by the value in the W register; neither value
is actually changed in the operation. Accessing the
other virtual registers changes the value of the FSR
registers.
Operations on the FSRs with POSTDEC, POSTINC
and PREINC affect the entire register pair; that is, roll-
overs of the FSRnL register from FFh to 00h carry over
to the FSRnH register. On the other hand, results of
these operations do not change the value of any flags
in the STATUS register (e.g., Z, N, OV, etc.). 





















Using an instruction with one of the
Indirect Addressing registers as the
operand....
...uses the 12-bit address stored in
the FSR pair associated with that
register....
...to determine the data memory
location to be used in that operation.
In this case, the FSR1 pair contains
ECCh. This means the contents of
location ECCh will be added to that
of the W register and stored back in
ECCh.
x x x x 1 1 1 0 1 1 0 0 1 1 0 0
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The PLUSW register can be used to implement a form
of Indexed Addressing in the data memory space. By
manipulating the value in the W register, users can
reach addresses that are fixed offsets from pointer
addresses. In some applications, this can be used to
implement some powerful program control structure,
such as software stacks, inside of data memory.
5.4.3.3 Operations by FSRs on FSRs
Indirect Addressing operations that target other FSRs
or virtual registers represent special cases. For exam-
ple, using an FSR to point to one of the virtual registers
will not result in successful operations. As a specific
case, assume that FSR0H:FSR0L contains FE7h, the
address of INDF1. Attempts to read the value of the
INDF1 using INDF0 as an operand will return 00h.
Attempts to write to INDF1 using INDF0 as the operand
will result in a NOP. 
On the other hand, using the virtual registers to write to
an FSR pair may not occur as planned. In these cases,
the value will be written to the FSR pair but without any
incrementing or decrementing. Thus, writing to INDF2
or POSTDEC2 will write the same value to the
FSR2H:FSR2L. 
Since the FSRs are physical registers mapped in the
SFR space, they can be manipulated through all direct
operations. Users should proceed cautiously when
working on these registers, particularly if their code
uses Indirect Addressing. 
Similarly, operations by Indirect Addressing are gener-
ally permitted on all other SFRs. Users should exercise
the appropriate caution that they do not inadvertently
change settings that might affect the operation of the
device.
5.5 Data Memory and the Extended 
Instruction Set
Enabling the PIC18 extended instruction set (XINST
Configuration bit = 1) significantly changes certain
aspects of data memory and its addressing. Specifi-
cally, the use of the Access Bank for many of the core
PIC18 instructions is different; this is due to the
introduction of a new addressing mode for the data
memory space.
What does not change is just as important. The size of
the data memory space is unchanged, as well as its
linear addressing. The SFR map remains the same.
Core PIC18 instructions can still operate in both Direct
and Indirect Addressing mode; inherent and literal
instructions do not change at all. Indirect Addressing
with FSR0 and FSR1 also remain unchanged.
5.5.1 INDEXED ADDRESSING WITH 
LITERAL OFFSET 
Enabling the PIC18 extended instruction set changes
the behavior of Indirect Addressing using the FSR2
register pair within Access RAM. Under the proper
conditions, instructions that use the Access Bank – that
is, most bit-oriented and byte-oriented instructions –
can invoke a form of Indexed Addressing using an
offset specified in the instruction. This special address-
ing mode is known as Indexed Addressing with Literal
Offset, or Indexed Literal Offset mode.
When using the extended instruction set, this
addressing mode requires the following:
• The use of the Access Bank is forced (‘a’ = 0) and
• The file address argument is less than or equal to 
5Fh.
Under these conditions, the file address of the instruc-
tion is not interpreted as the lower byte of an address
(used with the BSR in Direct Addressing), or as an 8-bit
address in the Access Bank. Instead, the value is
interpreted as an offset value to an address pointer,
specified by FSR2. The offset and the contents of
FSR2 are added to obtain the target address of the
operation. 
5.5.2 INSTRUCTIONS AFFECTED BY 
INDEXED LITERAL OFFSET MODE
Any of the core PIC18 instructions that can use Direct
Addressing are potentially affected by the Indexed
Literal Offset Addressing mode. This includes all
byte-oriented and bit-oriented instructions, or almost
one-half of the standard PIC18 instruction set.
Instructions that only use Inherent or Literal Addressing
modes are unaffected.
Additionally, byte-oriented and bit-oriented instructions
are not affected if they do not use the Access Bank
(Access RAM bit is ‘1’), or include a file address of 60h
or above. Instructions meeting these criteria will
continue to execute as before. A comparison of the dif-
ferent possible addressing modes when the extended
instruction set is enabled in shown in Figure 5-9.
Those who desire to use byte-oriented or bit-oriented
instructions in the Indexed Literal Offset mode should
note the changes to assembler syntax for this mode.
This is described in more detail in Section 26.2.1
“Extended Instruction Syntax”.
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FIGURE 5-9: COMPARING ADDRESSING OPTIONS FOR BIT-ORIENTED AND 
BYTE-ORIENTED INSTRUCTIONS (EXTENDED INSTRUCTION SET ENABLED) 
EXAMPLE INSTRUCTION:  ADDWF, f, d, a (Opcode: 0010 01da ffff ffff)
When ‘a’ = 0 and f ≥ 60h:
The instruction executes in
Direct Forced mode. ‘f’ is inter-
preted as a location in the
Access RAM between 060h
and 0FFh. This is the same as
locations 060h to 07Fh
(Bank 0) and F80h to FFFh
(Bank 15) of data memory. 
Locations below 60h are not
available in this addressing
mode.
When ‘a’ = 0 and f ≤ 5Fh:
The instruction executes in
Indexed Literal Offset mode. ‘f’
is interpreted as an offset to the
address value in FSR2. The
two are added together to
obtain the address of the target
register for the instruction. The
address can be anywhere in
the data memory space.
Note that in this mode, the
correct syntax is now:
ADDWF [k], d
where ‘k’ is the same as ‘f’.
When ‘a’ = 1 (all values of f):
The instruction executes in
Direct mode (also known as
Direct Long mode). ‘f’ is inter-
preted as a location in one of
the 16 banks of the data
memory space. The bank is
designated by the Bank Select
Register (BSR). The address
can be in any implemented
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5.5.3 MAPPING THE ACCESS BANK IN 
INDEXED LITERAL OFFSET MODE
The use of Indexed Literal Offset Addressing mode
effectively changes how the first 96 locations of Access
RAM (00h to 5Fh) are mapped. Rather than containing
just the contents of the bottom half of Bank 0, this mode
maps the contents from Bank 0 and a user defined
“window” that can be located anywhere in the data
memory space. The value of FSR2 establishes the
lower boundary of the addresses mapped into the
window, while the upper boundary is defined by FSR2
plus 95 (5Fh). Addresses in the Access RAM above
5Fh are mapped as previously described (see
Section 5.3.2 “Access Bank”). An example of Access
Bank remapping in this addressing mode is shown in
Figure 5-10.
Remapping of the Access Bank applies only to opera-
tions using the Indexed Literal Offset mode. Operations
that use the BSR (Access RAM bit is ‘1’) will continue
to use Direct Addressing as before. 
5.6 PIC18 Instruction Execution and 
the Extended Instruction Set
Enabling the extended instruction set adds eight
additional commands to the existing PIC18 instruction
set. These instructions are executed as described in
Section 26.2 “Extended Instruction Set”.
















ADDWF f, d, a
FSR2H:FSR2L = 120h
Locations in the region
from the FSR2 Pointer
(120h) to the pointer plus
05Fh (17Fh) are mapped
to the bottom of the
Access RAM (000h-05Fh).
Locations in Bank 0 from
060h to 07Fh are mapped,
as usual, to the middle half
of the Access Bank. 
Special File Registers at
F80h through FFFh are
mapped to 80h through
FFh, as usual.
Bank 0 addresses below
5Fh can still be addressed
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NOTES:
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6.0 FLASH PROGRAM MEMORY
The Flash program memory is readable, writable and
erasable during normal operation over the entire VDD
range.
A read from program memory is executed on one byte
at a time. A write to program memory is executed on
blocks of 64 bytes at a time. Program memory is
erased in blocks of 64 bytes at a time. A bulk erase
operation may not be issued from user code.
Writing or erasing program memory will cease
instruction fetches until the operation is complete. The
program memory cannot be accessed during the write
or erase, therefore, code cannot execute. An internal
programming timer terminates program memory writes
and erases. 
A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.
6.1 Table Reads and Table Writes
In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data RAM: 
• Table Read (TBLRD)
• Table Write (TBLWT)
The program memory space is 16 bits wide, while the
data RAM space is 8 bits wide. Table reads and table
writes move data between these two memory spaces
through an 8-bit register (TABLAT).
Table read operations retrieve data from program
memory and place it into the data RAM space.
Figure 6-1 shows the operation of a table read with
program memory and data RAM.
Table write operations store data from the data memory
space into holding registers in program memory. The
procedure to write the contents of the holding registers
into program memory is detailed in Section 6.5 “Writing
to Flash Program Memory”. Figure 6-2 shows the
operation of a table write with program memory and data
RAM.
Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word aligned. Therefore, a table block can
start and end at any byte address. If a table write is being
used to write executable code into program memory,
program instructions will need to be word aligned.
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FIGURE 6-2: TABLE WRITE OPERATION    
6.2 Control Registers
Several control registers are used in conjunction with





6.2.1 EECON1 AND EECON2 REGISTERS
The EECON1 register (Register 6-1) is the control
register for memory accesses. The EECON2 register is
not a physical register; it is used exclusively in the
memory write and erase sequences. Reading
EECON2 will read all ‘0’s.
The EEPGD control bit determines if the access will be
a program or data EEPROM memory access. When
clear, any subsequent operations will operate on the
data EEPROM memory. When set, any subsequent
operations will operate on the program memory.
The CFGS control bit determines if the access will be
to the Configuration/Calibration registers or to program
memory/data EEPROM memory. When set,
subsequent operations will operate on Configuration
registers regardless of EEPGD (see Section 25.0
“Special Features of the CPU”). When clear, memory
selection access is determined by EEPGD.
The FREE bit, when set, will allow a program memory
erase operation. When FREE is set, the erase
operation is initiated on the next WR command. When
FREE is clear, only writes are enabled.
The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set in hardware when the WR bit is set and cleared
when the internal programming timer expires and the
write operation is complete. 
The WR control bit initiates write operations. The bit
cannot be cleared, only set, in software; it is cleared in
hardware at the completion of the write operation.






Note1: Table Pointer actually points to one of 64 holding registers, the address of which is determined by
TBLPTRL<5:0>. The process for physically writing data to the program memory array is discussed in
Section 6.5 “Writing to Flash Program Memory”.
 Holding Registers
 Program Memory
Note: During normal operation, the WRERR is
read as ‘1’. This can indicate that a write
operation was prematurely terminated by
a Reset, or a write operation was
attempted improperly.
Note: The EEIF interrupt flag bit (PIR2<4>) is set
when the write is complete. It must be
cleared in software.
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REGISTER 6-1: EECON1: EEPROM CONTROL REGISTER 1
R/W-x R/W-x U-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — FREE WRERR(1) WREN WR RD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 EEPGD: Flash Program or Data EEPROM Memory Select bit
1 = Access Flash program memory
0 = Access data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Access Configuration registers
0 = Access Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit
1 = Erase the program memory row addressed by TBLPTR on the next WR command 
(cleared by completion of erase operation)
0 = Perform write only
bit 3 WRERR: Flash Program/Data EEPROM Error Flag bit(1)
1 = A write operation is prematurely terminated (any Reset during self-timed programming in normal
operation, or an improper write attempt)
0 = The write operation completed
bit 2 WREN: Flash Program/Data EEPROM Write Enable bit
1 = Allows write cycles to Flash program/data EEPROM
0 = Inhibits write cycles to Flash program/data EEPROM
bit 1 WR: Write Control bit
1 = Initiates a data EEPROM erase/write cycle or a program memory erase cycle or write cycle. 
(The operation is self-timed and the bit is cleared by hardware once write is complete. 
The WR bit can only be set (not cleared) in software.)
0 = Write cycle to the EEPROM is complete
bit 0 RD: Read Control bit
1 = Initiates an EEPROM read (Read takes one cycle. RD is cleared in hardware. The RD bit can only
be set (not cleared) in software. RD bit cannot be set when EEPGD = 1 or CFGS = 1.)
0 = Does not initiate an EEPROM read
Note 1: When a WRERR occurs, the EEPGD and CFGS bits are not cleared. 
This allows tracing of the error condition.
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6.2.2 TABLAT – TABLE LATCH REGISTER
The Table Latch (TABLAT) is an 8-bit register mapped
into the SFR space. The Table Latch register is used to
hold 8-bit data during data transfers between program
memory and data RAM.
6.2.3 TBLPTR – TABLE POINTER 
REGISTER
The Table Pointer (TBLPTR) register addresses a byte
within the program memory. The TBLPTR is comprised
of three SFR registers: Table Pointer Upper Byte, Table
Pointer High Byte and Table Pointer Low Byte
(TBLPTRU:TBLPTRH:TBLPTRL). These three regis-
ters join to form a 22-bit wide pointer. The low-order
21 bits allow the device to address up to 2 Mbytes of
program memory space. The 22nd bit allows access to
the device ID, the user ID and the Configuration bits.
The Table Pointer register, TBLPTR, is used by the
TBLRD and TBLWT instructions. These instructions can
update the TBLPTR in one of four ways based on the
table operation. These operations are shown in
Table 6-1. These operations on the TBLPTR only affect
the low-order 21 bits.
6.2.4 TABLE POINTER BOUNDARIES
TBLPTR is used in reads, writes and erases of the
Flash program memory. 
When a TBLRD is executed, all 22 bits of the TBLPTR
determine which byte is read from program memory
into TABLAT. 
When a TBLWT is executed, the six LSbs of the Table
Pointer register (TBLPTR<5:0>) determine which of
the 64 program memory holding registers is written to.
When the timed write to program memory begins (via
the WR bit), the 16 MSbs of the TBLPTR
(TBLPTR<21:6>) determine which program memory
block of 64 bytes is written to. For more detail, see
Section 6.5 “Writing to Flash Program Memory”.
When an erase of program memory is executed, the
16 MSbs of the Table Pointer register (TBLPTR<21:6>)
point to the 64-byte block that will be erased. The Least
Significant bits (TBLPTR<5:0>) are ignored.
Figure 6-3 describes the relevant boundaries of
TBLPTR based on Flash program memory operations.
TABLE 6-1: TABLE POINTER OPERATIONS WITH TBLRD AND TBLWT INSTRUCTIONS    
FIGURE 6-3: TABLE POINTER BOUNDARIES BASED ON OPERATION
Example Operation on Table Pointer
TBLRD*
TBLWT* TBLPTR is not modified
TBLRD*+
TBLWT*+ TBLPTR is incremented after the read/write
TBLRD*-
TBLWT*- TBLPTR is decremented after the read/write
TBLRD+*
TBLWT+* TBLPTR is incremented before the read/write
21 16 15 8 7 0
TABLE ERASE/WRITE TABLE WRITE
TABLE READ – TBLPTR<21:0>
TBLPTRLTBLPTRHTBLPTRU
TBLPTR<5:0>TBLPTR<21:6>
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6.3 Reading the Flash Program 
Memory
The TBLRD instruction is used to retrieve data from
program memory and places it into data RAM. Table
reads from program memory are performed one byte at
a time.
TBLPTR points to a byte address in program space.
Executing TBLRD places the byte pointed to into
TABLAT. In addition, TBLPTR can be modified
automatically for the next table read operation.
The internal program memory is typically organized by
words. The Least Significant bit of the address selects
between the high and low bytes of the word. Figure 6-4
shows the interface between the internal program
memory and the TABLAT.
FIGURE 6-4: READS FROM FLASH PROGRAM MEMORY 







 (IR) Read Register
TBLPTR = xxxxx0
MOVLW CODE_ADDR_UPPER ; Load TBLPTR with the base






TBLRD*+ ; read into TABLAT and increment
MOVF TABLAT, W ; get data
MOVWF WORD_EVEN
TBLRD*+ ; read into TABLAT and increment
MOVF TABLAT, W ; get data
MOVF WORD_ODD
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6.4 Erasing Flash Program Memory
The minimum erase block is 32 words or 64 bytes. Only
through the use of an external programmer, or through
ICSP control, can larger blocks of program memory be
bulk erased. Word erase in the Flash array is not
supported.
When initiating an erase sequence from the micro-
controller itself, a block of 64 bytes of program memory
is erased. The Most Significant 16 bits of the
TBLPTR<21:6> point to the block being erased.
TBLPTR<5:0> are ignored.
The EECON1 register commands the erase operation.
The EEPGD bit must be set to point to the Flash
program memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.
For protection, the write initiate sequence for EECON2
must be used.
A long write is necessary for erasing the internal Flash.
Instruction execution is halted while in a long write
cycle. The long write will be terminated by the internal
programming timer.
6.4.1 FLASH PROGRAM MEMORY 
ERASE SEQUENCE
The sequence of events for erasing a block of internal
program memory location is:
1. Load Table Pointer register with address of row
being erased.
2. Set the EECON1 register for the erase operation:
• set EEPGD bit to point to program memory;
• clear the CFGS bit to access program memory;
• set WREN bit to enable writes; 
• set FREE bit to enable the erase.
3. Disable interrupts.
4. Write 55h to EECON2.
5. Write 0AAh to EECON2.
6. Set the WR bit. This will begin the row erase
cycle.
7. The CPU will stall for duration of the erase for
TIW (see parameter D133A).
8. Re-enable interrupts.
EXAMPLE 6-2: ERASING A FLASH PROGRAM MEMORY ROW 
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base






BSF EECON1, EEPGD ; point to Flash program memory
BCF EECON1, CFGS ; access Flash program memory
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts
Required MOVLW 55h
Sequence MOVWF EECON2 ; write 55h
MOVLW 0AAh
MOVWF EECON2 ; write 0AAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, GIE ; re-enable interrupts
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6.5 Writing to Flash Program Memory
The minimum programming block is 32 words or
64 bytes. Word or byte programming is not supported.
Table writes are used internally to load the holding
registers needed to program the Flash memory. There
are 64 holding registers used by the table writes for
programming.
Since the Table Latch (TABLAT) is only a single byte, the
TBLWT instruction may need to be executed 64 times for
each programming operation. All of the table write oper-
ations will essentially be short writes because only the
holding registers are written. At the end of updating the
64 holding registers, the EECON1 register must be
written to in order to start the programming operation
with a long write.
The long write is necessary for programming the inter-
nal Flash. Instruction execution is halted while in a long
write cycle. The long write will be terminated by the
internal programming timer. 
The EEPROM on-chip timer controls the write time.
The write/erase voltages are generated by an on-chip
charge pump, rated to operate over the voltage range
of the device.
FIGURE 6-5: TABLE WRITES TO FLASH PROGRAM MEMORY 
6.5.1 FLASH PROGRAM MEMORY WRITE 
SEQUENCE
The sequence of events for programming an internal
program memory location should be:
1. Read 64 bytes into RAM.
2. Update data values in RAM as necessary.
3. Load Table Pointer register with address being
erased.
4. Execute the row erase procedure.
5. Load Table Pointer register with address of first
byte being written.
6. Write the 64 bytes into the holding registers with
auto-increment.
7. Set the EECON1 register for the write operation:
• set EEPGD bit to point to program memory;
• clear the CFGS bit to access program memory;
• set WREN to enable byte writes.
8. Disable interrupts.
9. Write 55h to EECON2.
10. Write 0AAh to EECON2.
11. Set the WR bit. This will begin the write cycle.
12. The CPU will stall for duration of the write for TIW
(see parameter D133A).
13. Re-enable interrupts.
14. Verify the memory (table read).
An example of the required code is shown in
Example 6-3 on the following page.
Note: The default value of the holding registers on
device Resets and after write operations is
FFh. A write of FFh to a holding register
does not modify that byte. This means that
individual bytes of program memory may be
modified, provided that the change does not
attempt to change any bit from a ‘0’ to a ‘1’.
When modifying individual bytes, it is not
necessary to load all 64 holding registers
before executing a write operation.
TABLAT 
TBLPTR = xxxx3FTBLPTR = xxxxx1TBLPTR = xxxxx0
Write Register
TBLPTR = xxxxx2
Program   Memory
Holding Register Holding Register Holding Register Holding Register
8 8 8 8
Note: Before setting the WR bit, the Table
Pointer address needs to be within the
intended address range of the 64 bytes in
the holding register.
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EXAMPLE 6-3: WRITING TO FLASH PROGRAM MEMORY
MOVLW D'64' ; number of bytes in erase block
MOVWF COUNTER




MOVLW CODE_ADDR_UPPER ; Load TBLPTR with the base






TBLRD*+ ; read into TABLAT, and inc
MOVF TABLAT, W ; get data
MOVWF POSTINC0 ; store data
DECFSZ COUNTER ; done?
BRA READ_BLOCK ; repeat
MODIFY_WORD









MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base





BSF EECON1, EEPGD ; point to Flash program memory
BCF EECON1, CFGS ; access Flash program memory
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts
MOVLW 55h
Required MOVWF EECON2 ; write 55h
Sequence MOVLW 0AAh
MOVWF EECON2 ; write 0AAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, GIE ; re-enable interrupts
TBLRD*- ; dummy read decrement





MOVLW D'64' ; number of bytes in holding register
MOVWF COUNTER
WRITE_BYTE_TO_HREGS
MOVFF POSTINC0, WREG ; get low byte of buffer data
MOVWF TABLAT  ; present data to table latch
TBLWT+* ; write data, perform a short write 
; to internal TBLWT holding register.
DECFSZ COUNTER ; loop until buffers are full
BRA WRITE_WORD_TO_HREGS
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EXAMPLE 6-3: WRITING TO FLASH PROGRAM MEMORY (CONTINUED)
6.5.2 WRITE VERIFY
Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit.
6.5.3 UNEXPECTED TERMINATION OF 
WRITE OPERATION
If a write is terminated by an unplanned event, such as
loss of power or an unexpected Reset, the memory
location just programmed should be verified and repro-
grammed if needed. If the write operation is interrupted
by a MCLR Reset or a WDT Time-out Reset during
normal operation, the user can check the WRERR bit
and rewrite the location(s) as needed.
6.5.4 PROTECTION AGAINST 
SPURIOUS WRITES
To protect against spurious writes to Flash program
memory, the write initiate sequence must also be
followed. See Section 25.0 “Special Features of the
CPU” for more detail.
6.6 Flash Program Operation During 
Code Protection
See Section 25.5 “Program Verification and Code
Protection” for details on code protection of Flash
program memory.
TABLE 6-2: REGISTERS ASSOCIATED WITH PROGRAM FLASH MEMORY 
PROGRAM_MEMORY
BSF EECON1, EEPGD ; point to Flash program memory
BCF EECON1, CFGS ; access Flash program memory
BSF EECON1, WREN ; enable write to memory
BCF INTCON, GIE ; disable interrupts
MOVLW 55h
Required MOVWF EECON2 ; write 55h
Sequence MOVLW 0AAh
MOVWF EECON2 ; write 0AAh
BSF EECON1, WR ; start program (CPU stall)
BSF INTCON, GIE ; re-enable interrupts
BCF EECON1, WREN ; disable write to memory




TBLPTRU — — bit 21(1) Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) 57
TBPLTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 57
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 57
TABLAT Program Memory Table Latch 57
INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
EECON2 EEPROM Control Register 2 (not a physical register) 59
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD 59
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 60
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 60
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.
Note 1: Bit 21 of TBLPTRU allows access to the device Configuration bits.
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7.0 EXTERNAL MEMORY BUS
The External Memory Bus (EMB) allows the device to
access external memory devices (such as Flash,
EPROM, SRAM, etc.) as program or data memory. It
supports both 8-bit and 16-bit Data Width modes and
four address widths from 8 to 20 bits. 
The bus is implemented with 28 pins, multiplexed
across four I/O ports. Three ports (PORTD, PORTE
and PORTH) are multiplexed with the address/data bus
for a total of 20 available lines, while PORTJ is
multiplexed with the bus control signals. 
A list of the pins and their functions is provided in
Table 7-1.
TABLE 7-1: PIC18F8527/8622/8627/8722 EXTERNAL BUS – I/O PORT FUNCTIONS      
Note: The External Memory Bus is not imple-
mented on PIC18F6527/6622/6627/6722
(64-pin) devices.
Name Port Bit External Memory Bus Function
RD0/AD0 PORTD 0 Address bit 0 or Data bit 0
RD1/AD1 PORTD 1 Address bit 1 or Data bit 1
RD2/AD2 PORTD 2 Address bit 2 or Data bit 2
RD3/AD3 PORTD 3 Address bit 3 or Data bit 3
RD4/AD4 PORTD 4 Address bit 4 or Data bit 4
RD5/AD5 PORTD 5 Address bit 5 or Data bit 5
RD6/AD6 PORTD 6 Address bit 6 or Data bit 6
RD7/AD7 PORTD 7 Address bit 7 or Data bit 7
RE0/AD8 PORTE 0 Address bit 8 or Data bit 8
RE1/AD9 PORTE 1 Address bit 9 or Data bit 9
RE2/AD10 PORTE 2 Address bit 10 or Data bit 10
RE3/AD11 PORTE 3 Address bit 11 or Data bit 11
RE4/AD12 PORTE 4 Address bit 12 or Data bit 12
RE5/AD13 PORTE 5 Address bit 13 or Data bit 13
RE6/AD14 PORTE 6 Address bit 14 or Data bit 14
RE7/AD15 PORTE 7 Address bit 15 or Data bit 15
RH0/A16 PORTH 0 Address bit 16
RH1/A17 PORTH 1 Address bit 17
RH2/A18 PORTH 2 Address bit 18
RH3/A19 PORTH 3 Address bit 19
RJ0/ALE PORTJ 0 Address Latch Enable (ALE) Control pin
RJ1/OE PORTJ 1 Output Enable (OE) Control pin
RJ2/WRL PORTJ 2 Write Low (WRL) Control pin
RJ3/WRH PORTJ 3 Write High (WRH) Control pin
RJ4/BA0 PORTJ 4 Byte Address bit 0 (BA0)
RJ5/CE PORTJ 5 Chip Enable (CE) Control pin
RJ6/LB PORTJ 6 Lower Byte Enable (LB) Control pin
RJ7/UB PORTJ 7 Upper Byte Enable (UB) Control pin
Note: For the sake of clarity, only I/O port and external bus assignments are shown here. One or more additional
multiplexed features may be available on some pins.
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7.1 External Memory Bus Control
The operation of the interface is controlled by the
MEMCON register (Register 7-1). This register is
available in all program memory operating modes
except Microcontroller mode. In this mode, the register
is disabled and cannot be written to.
The EBDIS bit (MEMCON<7>) controls the operation
of the bus and related port functions. Clearing EBDIS
enables the interface and disables the I/O functions of
the ports, as well as any other functions multiplexed to
those pins. Setting the bit enables the I/O ports and
other functions but allows the interface to override
everything else on the pins when an external memory
operation is required. By default, the external bus is
always enabled and disables all other I/O.
The operation of the EBDIS bit is also influenced by the
program memory mode being used. This is discussed
in more detail in Section 7.4 “Program Memory
Modes and the External Memory Bus”.
The WAIT bits allow for the addition of wait states to
external memory operations. The use of these bits is
discussed in Section 7.3 “Wait States”.
The WM bits select the particular operating mode used
when the bus is operating in 16-bit Data Width mode.
These are discussed in more detail in Section 7.5
“16-Bit Data Width Modes”. These bits have no effect
when an 8-bit Data Width mode is selected.
WM<1:0>: TBLWT Operation with 16-Bit Data Bus 
Width Select bits
1x = Word Write mode: TABLAT0 and TABLAT1 word
output, WRH active when TABLAT1 written
01 = Byte Select mode: TABLAT data copied on both
MSB and LSB; WRH and (UB or LB) will activate
REGISTER 7-1: MEMCON: EXTERNAL MEMORY BUS CONTROL REGISTER
R/W-0 U-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0
EBDIS — WAIT1 WAIT0 — — WM1 WM0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 EBDIS: External Bus Disable bit
1 = External bus enabled when microcontroller accesses external memory; 
otherwise, all external bus drivers are mapped as I/O ports
0 = External bus always enabled, I/O ports are disabled
bit 6 Unimplemented: Read as ‘0’
bit 5-4 WAIT<1:0>: Table Reads and Writes Bus Cycle Wait Count bits
11 = Table reads and writes will wait 0 TCY
10 = Table reads and writes will wait 1 TCY
01 = Table reads and writes will wait 2 TCY
00 = Table reads and writes will wait 3 TCY
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 WM<1:0>: TBLWT Operation with 16-Bit Data Bus Width Select bits
1 = Result was negative
0 = Result was positive
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7.2 Address and Data Width
PIC18F8527/8622/8627/8722 devices can be indepen-
dently configured for different address and data widths
on the same memory bus. Both address and data width
are set by Configuration bits in the CONFIG3L register.
As Configuration bits, this means that these options
can only be configured by programming the device and
are not controllable in software.
The BW bit selects an 8-bit or 16-bit data bus width.
Setting this bit (default) selects a data width of 16 bits.
The ADW<1:0> bits determine the address bus width.
The available options are 20-bit (default), 16-bit, 12-bit
and 8-bit. Selecting any of the options other than 20-bit
width makes a corresponding number of high-order
lines available for I/O functions; these pins are no
longer affected by the setting of the EBDIS bit. For
example, selecting a 16-bit Address mode
(ADW<1:0> = 10) disables A<19:16> and allows
PORTH<3:0> to function without interruptions from the
bus. Using smaller address widths allows users to tailor
the memory bus to the size of the external memory
space for a particular design while freeing up pins for
dedicated I/O operation.
Because the ADW bits have the effect of disabling pins
for memory bus operations, it is important to always
select an address width at least equal to the data width.
If 8-bit or 12-bit address widths are used with a 16-bit
data width, the upper bits of data will not be available
on the bus.
All combinations of address and data widths require
multiplexing of address and data information on the
same lines. The address and data multiplexing, as well
as I/O ports made available by the use of smaller
address widths, are summarized in Table 7-2.
7.2.1 21-BIT ADDRESSING
As an extension of 20-bit address width operation, the
External Memory Bus can also fully address a 2 Mbyte
memory space. This is done by using the Bus Address
bit 0 (BA0) control line as the Least Significant bit of the
address. The UB and LB control signals may also be
used with certain memory devices to select the upper
and lower bytes within a 16-bit wide data word.
This addressing mode is available in both 8-bit and
certain 16-bit Data Width modes. Additional details are
provided in Section 7.5.3 “16-bit Byte Select Mode”
and Section 7.6 “8-Bit Data Width Modes”.
7.3 Wait States 
While it may be assumed that external memory devices
will operate at the microcontroller clock rate, this is
often not the case. In fact, many devices require longer
times to write or retrieve data than the time allowed by
the execution of table read or table write operations.
To compensate for this, the External Memory Bus can
be configured to add a fixed delay to each table opera-
tion using the bus. Wait states are enabled by setting
the WAITx bit. When enabled, the amount of delay is
set by the WAIT<1:0> bits (MEMCON<5:4>). The delay
is based on multiples of microcontroller instruction
cycle time and are added following the instruction cycle
when the table operation is executed. The range is
from no delay to 3 TCY (default value).
TABLE 7-2: ADDRESS AND DATA LINES FOR DIFFERENT ADDRESS AND DATA WIDTHS
Data Width Address Width
Multiplexed Data and 
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7.4 Program Memory Modes and the 
External Memory Bus
PIC18F8527/8622/8627/8722 devices are capable of
operating in any one of four program memory modes,
using combinations of on-chip and external program
memory. The functions of the multiplexed port pins
depends on the program memory mode selected, as
well as the setting of the EBDIS bit.
In Microcontroller Mode, the bus is not active and the
pins have their port functions only. Writes to the
MEMCOM register are not permitted. The Reset value
of EBDIS (‘0’) is ignored and EMB pins behave as I/O
ports.
In Microprocessor Mode, the external bus is always
active and the port pins have only the external bus
function. The value of EBDIS is ignored.
In Microprocessor with Boot Block or Extended
Microcontroller Mode, the external program memory
bus shares I/O port functions on the pins. When the
device is fetching or doing table read/table write opera-
tions on the external program memory space, the pins
will have the external bus function. If the device is
fetching and accessing internal program memory loca-
tions only, the EBDIS control bit will change the pins
from external memory to I/O port functions. When
EBDIS = 0, the pins function as the external bus. When
EBDIS = 1, the pins function as I/O ports. 
If the device fetches or accesses external memory
while EBDIS = 1, the pins will switch from I/O to exter-
nal bus. If the EBDIS bit is set by a program executing
from external memory, the action of setting the bit will
be delayed until the program branches into the internal
memory. At that time, the pins will change from external
bus to I/O ports.
If the device is executing out of internal memory when
EBDIS = 0, the memory bus address/data and control
pins will not be active. They will go to a state where the
active address/data pins are tri-state; the CE, OE,
WRH, WRL, UB and LB signals are ‘1’; and ALE and
BA0 are ‘0’. Note that only those pins associated with
the current address width are forced to tri-state; the
other pins continue to function as I/O. In the case of
16-bit address width, for example, only AD<15:0>
(PORTD and PORTE) are affected; A<19:16>
(PORTH<3:0>) continue to function as I/O.
In all external memory modes, the bus takes priority
over any other peripherals that may share pins with it.
This includes the Parallel Slave Port and serial commu-
nications modules which would otherwise take priority
over the I/O port.
7.5 16-Bit Data Width Modes
In 16-Bit Data Width mode, the External Memory Bus
can be connected to external memories in three
different configurations:
• 16-bit Byte Write
• 16-bit Word Write
• 16-bit Byte Select
The configuration to be used is determined by the
WM1:WM0 bits in the MEMCON register
(MEMCON<1:0>). These three different configurations
allow the designer maximum flexibility in using both
8-bit and 16-bit devices with 16-bit data.
For all 16-bit modes, the Address Latch Enable (ALE)
pin indicates that the address bits AD<15:0> are
available on the external memory interface bus.
Following the address latch, the Output Enable signal
(OE) will enable both bytes of program memory at once
to form a 16-bit instruction word. The Chip Enable
signal (CE) is active at any time that the microcontroller
accesses external memory, whether reading or writing;
it is inactive (asserted high) whenever the device is in
Sleep mode.
In Byte Select mode, JEDEC standard Flash memories
will require BA0 for the byte address line and one I/O
line to select between Byte and Word mode. The other
16-bit modes do not need BA0. JEDEC standard static
RAM memories will use the UB or LB signals for byte
selection.
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7.5.1 16-BIT BYTE WRITE MODE
Figure 7-1 shows an example of 16-bit Byte Write
mode for PIC18F8527/8622/8627/8722 devices. This
mode is used for two separate 8-bit memories con-
nected for 16-bit operation. This generally includes
basic EPROM and Flash devices. It allows table writes
to byte-wide external memories.
During a TBLWT instruction cycle, the TABLAT data is
presented on the upper and lower bytes of the
AD<15:0> bus. The appropriate WRH or WRL control
line is strobed on the LSb of the TBLPTR.













OE OEWR(2) WR(2) 
CE CE
Note 1: Upper-order address lines are used only for 20-bit address widths.
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7.5.2 16-BIT WORD WRITE MODE
Figure 7-2 shows an example of 16-bit Word Write
mode for PIC18F8527/8622/8627/8722 devices. This
mode is used for word-wide memories which includes
some of the EPROM and Flash-type memories. This
mode allows opcode fetches and table reads from all
forms of 16-bit memory and table writes to any type of
word-wide external memories. This method makes a
distinction between TBLWT cycles to even or odd
addresses. 
During a TBLWT cycle to an even address
(TBLPTR<0> = 0), the TABLAT data is transferred to a
holding latch and the external address data bus is
tri-stated for the data portion of the bus cycle. No write
signals are activated. 
During a TBLWT cycle to an odd address
(TBLPTR<0> = 1), the TABLAT data is presented on
the upper byte of the AD15:AD0 bus. The contents of
the holding latch are presented on the lower byte of the
AD<15:0> bus.
The WRH signal is strobed for each write cycle; the
WRL pin is unused. The signal on the BA0 pin indicates
the Least Significant bit of TBLPTR but it is left
unconnected. Instead, the UB and LB signals are
active to select both bytes. The obvious limitation to
this method is that the table write must be done in pairs
on a specific word boundary to correctly write a word
location. 



















Note 1: Upper-order address lines are used only for 20-bit address widths.
2: This signal only applies to table writes. See Section 6.1 “Table Reads and Table Writes”.
CE
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7.5.3 16-BIT BYTE SELECT MODE
Figure 7-3 shows an example of 16-bit Byte Select
mode. This mode allows table write operations to
word-wide external memories with byte selection
capability. This generally includes both word-wide
Flash and SRAM devices. 
During a TBLWT cycle, the TABLAT data is presented
on the upper and lower byte of the AD<15:0> bus. The
WRH signal is strobed for each write cycle; the WRL
pin is not used. The BA0 or UB/LB signals are used to
select the byte to be written, based on the Least
Significant bit of the TBLPTR register. 
Flash and SRAM devices use different control signal
combinations to implement Byte Select mode. JEDEC
standard Flash memories require that a controller I/O
port pin be connected to the memory’s BYTE/WORD
pin to provide the select signal. They also use the BA0
signal from the controller as a byte address. JEDEC
standard static RAM memories, on the other hand, use
the UB or LB signals to select the byte. 




































Note 1: This signal only applies to table writes. See Section 6.1 “Table Reads and Table Writes”.
2: Upper-order address lines are used only for 20-bit address width.
3: Demultiplexing is only required when multiple memory devices are accessed.
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7.5.4 16-BIT MODE TIMING
The presentation of control signals on the External
Memory Bus is different for the various operating
modes. Typical signal timing diagrams are shown in
Figure 7-4 through Figure 7-6. All examples assume
either 20-bit or 21-bit address widths.
FIGURE 7-4: EXTERNAL MEMORY BUS TIMING FOR TBLRD WITH A 1 TCY WAIT STATE 
(MICROPROCESSOR MODE)   
FIGURE 7-5: EXTERNAL MEMORY BUS TIMING FOR TBLRD 
(EXTENDED MICROCONTROLLER MODE)    
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FIGURE 7-6: EXTERNAL MEMORY BUS TIMING FOR SLEEP (MICROPROCESSOR MODE)   





















Note 1: Bus becomes inactive regardless of power-managed mode entered when SLEEP is executed.
PIC18F8722 FAMILY
DS39646C-page 106 © 2008 Microchip Technology Inc.
7.6 8-Bit Data Width Modes
In 8-Bit Data Width mode, the External Memory Bus
operates only in Multiplexed mode; that is, data shares
the 8 least significant bits of the address bus.
Figure 7-7 shows an example of 8-bit Multiplexed
mode for PIC18F8527/8622/8627/8722 devices. This
mode is used for a single 8-bit memory connected for
16-bit operation. The instructions will be fetched as two
8-bit bytes on a shared data/address bus. The two
bytes are sequentially fetched within one instruction
cycle (TCY). Therefore, the designer must choose
external memory devices according to timing calcula-
tions based on 1/2 TCY (2 times the instruction rate).
For proper memory speed selection, glue logic
propagation delay times must be considered along with
setup and hold times.
The Address Latch Enable (ALE) pin indicates that the
address bits A<15:0> are available on the External
Memory Interface bus. The Output Enable signal (OE)
will enable one byte of program memory for a portion of
the instruction cycle, then BA0 will change and the sec-
ond byte will be enabled to form the 16-bit instruction
word. The least significant bit of the address, BA0,
must be connected to the memory devices in this
mode. The Chip Enable signal (CE) is active at any
time that the microcontroller accesses external
memory, whether reading or writing; it is inactive
(asserted high) whenever the device is in Sleep mode.
This generally includes basic EPROM and Flash
devices. It allows table writes to byte-wide external
memories.
The appropriate level of BA0 control line is strobed on
the LSb of the TBLPTR.











Note 1: Upper-order address bits are used only for 20-bit address width. The upper AD byte is used 
for all address widths except 8-bit.











© 2008 Microchip Technology Inc. DS39646C-page 107
PIC18F8722 FAMILY
7.6.1 8-BIT MODE TIMING
The presentation of control signals on the External
Memory Bus is different for the various operating
modes. Typical signal timing diagrams are shown in
Figure 7-8 through Figure 7-11.
FIGURE 7-8: EXTERNAL BUS TIMING FOR TBLRD (MICROPROCESSOR MODE) 
FIGURE 7-9: EXTERNAL BUS TIMING FOR TBLRD (EXTENDED MICROCONTROLLER MODE)    




































Note 1: The address lines actually used depends on the address width selected. This example assumes 20-bit addressing.


























Note 1: The address lines actually used depends on the address width selected. This example assumes 20-bit addressing.
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FIGURE 7-10: EXTERNAL MEMORY BUS TIMING FOR SLEEP (MICROPROCESSOR MODE)   
FIGURE 7-11: TYPICAL OPCODE FETCH, 8-BIT MODE 
























Note 1: The address lines actually used depends on the address width selected. This example assumes 20-bit addressing.














MOVLW 55h from 007556h
55h
Note 1: The address lines actually used depends on the address width selected. This example assumes 16-bit addressing.
© 2008 Microchip Technology Inc. DS39646C-page 109
PIC18F8722 FAMILY
7.7 Operation in Power-Managed 
Modes
In alternate power-managed Run modes, the external
bus continues to operate normally. If a clock source
with a lower speed is selected, bus operations will run
at that speed. In these cases, excessive access times
for the external memory may result if wait states have
been enabled and added to external memory opera-
tions. If operations in a lower power Run mode are
anticipated, users should provide in their applications
for adjusting memory access times at the lower clock
speeds. 
In Sleep and Idle modes, the microcontroller core does
not need to access data; bus operations are sus-
pended. The state of the external bus is frozen with the
address/data pins and most of the control pins holding
at the same state they were in when the mode was
invoked. The only potential changes are the CE, LB
and UB pins which are held at logic high.
TABLE 7-3: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-MANAGED MODES      




MEMCON(1) EBDIS — WAIT1 WAIT0 — — WM1 WM0 60
CONFIG3L(2) WAIT BW ABW1 ABW0 — — PM1 PM0 302
CONFIG3H MCLRE — — — — LPT1OSC ECCPMX(2) CCP2MX 303
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the External Memory Bus.
Note 1: This register is not implemented on 64-pin devices.
2: Unimplemented in PIC18F6527/6622/6627/6722 devices.
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8.0 DATA EEPROM MEMORY
The data EEPROM is a nonvolatile memory array,
separate from the data RAM and program memory, that
is used for long-term storage of program data. It is not
directly mapped in either the register file or program
memory space, but is indirectly addressed through the
Special Function Registers (SFRs). The EEPROM is
readable and writable during normal operation over the
entire VDD range. 
Five SFRs are used to read and write to the data






The data EEPROM allows byte read and write. When
interfacing to the data memory block, EEDATA holds
the 8-bit data for read/write and the EEADRH:EEADR
register pair holds the address of the EEPROM location
being accessed. 
The EEPROM data memory is rated for high erase/write
cycle endurance. A byte write automatically erases the
location and writes the new data (erase-before-write).
The write time is controlled by an on-chip timer; it will
vary with voltage and temperature, as well as from chip-
to-chip. Please refer to parameter D122 (Table 28-1 in
Section 28.0 “Electrical Characteristics”) for exact
limits.
8.1  EEADR and EEADRH Registers
The EEADRH:EEADR register pair is used to address
the data EEPROM for read and write operations.
EEADRH holds the two MSbs of the address; the upper
6 bits are ignored. The 10-bit range of the pair can
address a memory range of 1024 bytes (00h to 3FFh). 
8.2 EECON1 and EECON2 Registers
Access to the data EEPROM is controlled by two
registers: EECON1 and EECON2. These are the same
registers which control access to the program memory
and are used in a similar manner for the data
EEPROM. 
The EECON1 register (Register ) is the control register
for data and program memory access. Control bit
EEPGD determines if the access will be to program or
data EEPROM memory. When clear, operations will
access the data EEPROM memory. When set, program
memory is accessed.
Control bit CFGS determines if the access will be to the
Configuration registers or to program memory/data
EEPROM memory. When set, subsequent operations
access Configuration registers. When CFGS is clear,
the EEPGD bit selects either program Flash or data
EEPROM memory.
The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set in hardware when the WREN bit is set and cleared
when the internal programming timer expires and the
write operation is complete. 
The WR control bit initiates write operations. The bit
cannot be cleared, only set, in software; it is cleared in
hardware at the completion of the write operation.
Control bits, RD and WR, start read and erase/write
operations, respectively. These bits are set by firmware
and cleared by hardware at the completion of the
operation.
The RD bit cannot be set when accessing program
memory (EEPGD = 1). Program memory is read using
table read instructions. See Section 6.1 “Table Reads
and Table Writes” regarding table reads.
The EECON2 register is not a physical register. It is
used exclusively in the memory write and erase
sequences. Reading EECON2 will read all ‘0’s.
Note: During normal operation, the WRERR is
read as ‘1’. This can indicate that a write
operation was prematurely terminated by
a Reset, or a write operation was
attempted improperly.
Note: The EEIF interrupt flag bit (PIR2<4>) is set
when the write is complete. It must be
cleared in software.
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REGISTER 8-1: EECON1: DATA EEPROM CONTROL REGISTER 1
R/W-x R/W-x U-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — FREE WRERR(1) WREN WR RD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 EEPGD: Flash Program or Data EEPROM Memory Select bit
1 = Access Flash program memory
0 = Access data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Access Configuration registers
0 = Access Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit
1 = Erase the program memory row addressed by TBLPTR on the next WR command (cleared by
completion of erase operation)
0 = Perform write only
bit 3 WRERR: Flash Program/Data EEPROM Error Flag bit(1)
1 = A write operation is prematurely terminated (any Reset during self-timed programming in normal
operation, or an improper write attempt)
0 = The write operation completed
bit 2 WREN: Flash Program/Data EEPROM Write Enable bit
1 = Allows write cycles to Flash program/data EEPROM
0 = Inhibits write cycles to Flash program/data EEPROM
bit 1 WR: Write Control bit
1 = Initiates a data EEPROM erase/write cycle or a program memory erase cycle or write cycle. 
(The operation is self-timed and the bit is cleared by hardware once write is complete. 
The WR bit can only be set (not cleared) in software.)
0 = Write cycle to the EEPROM is complete
bit 0 RD: Read Control bit
1 = Initiates an EEPROM read 
(Read takes one cycle. RD is cleared in hardware. The RD bit can only be set (not cleared) in
software. RD bit cannot be set when EEPGD = 1 or CFGS = 1.)
0 = Does not initiate an EEPROM read
Note 1: When a WRERR occurs, the EEPGD and CFGS bits are not cleared. This allows tracing of the error 
condition.
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8.3 Reading the Data EEPROM 
Memory
To read a data memory location, the user must write the
address to the EEADRH:EEADR register pair, clear the
EEPGD control bit (EECON1<7>) and then set control
bit, RD (EECON1<0>). The data is available on the
very next instruction cycle; therefore, the EEDATA
register can be read by the next instruction. EEDATA
will hold this value until another read operation, or until
it is written to by the user (during a write operation). 
The basic process is shown in Example 8-1.
8.4 Writing to the Data EEPROM 
Memory
To write an EEPROM data location, the address must
first be written to the EEADRH:EEADR register pair
and the data written to the EEDATA register. The
sequence in Example 8-2 must be followed to initiate
the write cycle.
The write will not begin if this sequence is not exactly
followed (write 55h to EECON2, write 0AAh to
EECON2, then set WR bit) for each byte. It is strongly
recommended that interrupts be disabled during this
code segment.
Additionally, the WREN bit in EECON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code exe-
cution (i.e., runaway programs). The WREN bit should
be kept clear at all times, except when updating the
EEPROM. The WREN bit is not cleared by hardware.
After a write sequence has been initiated, EECON1,
EEADRH:EEADR and EEDATA cannot be modified.
The WR bit will be inhibited from being set unless the
WREN bit is set. The WREN bit must be set on a
previous instruction. Both WR and WREN cannot be
set with the same instruction.
At the completion of the write cycle, the WR bit is
cleared in hardware and the EEPROM Interrupt Flag bit
(EEIF) is set. The user may either enable this interrupt,
or poll this bit. EEIF must be cleared by software.
8.5 Write Verify
Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit. 
EXAMPLE 8-1: DATA EEPROM READ 
EXAMPLE 8-2: DATA EEPROM WRITE 
MOVLW DATA_EE_ADDRH ;
MOVWF EEADRH ; Upper bits of Data Memory Address to read
MOVLW DATA_EE_ADDR ;
MOVWF EEADR ; Lower bits of Data Memory Address to read
BCF EECON1, EEPGD ; Point to DATA memory
BCF EECON1, CFGS ; Access EEPROM
BSF EECON1, RD ; EEPROM Read
MOVF EEDATA, W ; W = EEDATA
MOVLW DATA_EE_ADDRH ;
MOVWF EEADRH ; Upper bits of Data Memory Address to write
MOVLW DATA_EE_ADDR ;
MOVWF EEADR ; Lower bits of Data Memory Address to write
MOVLW DATA_EE_DATA ;
MOVWF EEDATA ; Data Memory Value to write
BCF EECON1, EPGD ; Point to DATA memory
BCF EECON1, CFGS ; Access EEPROM
BSF EECON1, WREN ; Enable writes
       
BCF INTCON, GIE ; Disable Interrupts
MOVLW 55h ;
Required MOVWF EECON2 ; Write 55h
Sequence MOVLW 0AAh ;
MOVWF EECON2 ; Write 0AAh
BSF EECON1, WR ; Set WR bit to begin write
BSF INTCON, GIE ; Enable Interrupts
; User code execution
BCF EECON1, WREN ; Disable writes on write complete (EEIF set)
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8.6 Operation During Code-Protect
Data EEPROM memory has its own code-protect bits in
Configuration Words. External read and write
operations are disabled if code protection is enabled.
The microcontroller itself can both read and write to the
internal data EEPROM regardless of the state of the
code-protect Configuration bit. Refer to Section 25.0
“Special Features of the CPU” for additional
information.
8.7 Protection Against Spurious Write
There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been implemented. On power-up, the WREN bit is
cleared. In addition, writes to the EEPROM are blocked
during the Power-up Timer period (TPWRT,
parameter 33).
The write initiate sequence and the WREN bit together
help prevent an accidental write during brown-out,
power glitch or software malfunction.
8.8 Using the Data EEPROM
The data EEPROM is a high-endurance, byte address-
able array that has been optimized for the storage of
frequently changing information (e.g., program
variables or other data that are updated often).
Frequently changing values will typically be updated
more often than specification D124. If this is not the
case, an array refresh must be performed. For this
reason, variables that change infrequently (such as
constants, IDs, calibration, etc.) should be stored in
Flash program memory. 
A simple data EEPROM refresh routine is shown in
Example 8-3.
EXAMPLE 8-3: DATA EEPROM REFRESH ROUTINE
Note: If data EEPROM is only used to store
constants and/or data that changes often,
an array refresh is likely not required. See
specification D124.
CLRF EEADR ; Start at address 0
CLRF EEADRH ;
BCF EECON1, CFGS ; Set for memory
BCF EECON1, EEPGD ; Set for Data EEPROM
BCF INTCON, GIE ; Disable interrupts
BSF EECON1, WREN ; Enable writes
Loop ; Loop to refresh array
BSF EECON1, RD ; Read current address
MOVLW 55h ;
MOVWF EECON2 ; Write 55h
MOVLW 0AAh ;
MOVWF EECON2 ; Write 0AAh
BSF EECON1, WR ; Set WR bit to begin write
BTFSC EECON1, WR ; Wait for write to complete
BRA $-2
INCFSZ EEADR, F ; Increment address
BRA LOOP ; Not zero, do it again
INCFSZ EEADRH, F ; Increment the high address
BRA LOOP ; Not zero, do it again
BCF EECON1, WREN ; Disable writes
BSF INTCON, GIE ; Enable interrupts
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TABLE 8-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY 




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
EEADRH — — — — — — EEPROM Address 
Register High Byte
59
EEADR EEPROM Address Register Low Byte 59
EEDATA EEPROM Data Register 59
EECON2 EEPROM Control Register 2 (not a physical register) 59
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD 59
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 60
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 60
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.
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9.0 8 x 8 HARDWARE MULTIPLIER
9.1 Introduction
All PIC18 devices include an 8 x 8 hardware multiplier
as part of the ALU. The multiplier performs an unsigned
operation and yields a 16-bit result that is stored in the
product register pair, PRODH:PRODL. The multiplier’s
operation does not affect any flags in the STATUS
register.
Making multiplication a hardware operation allows it to
be completed in a single instruction cycle. This has the
advantages of higher computational throughput and
reduced code size for multiplication algorithms and
allows the PIC18 devices to be used in many applica-
tions previously reserved for digital signal processors.
A comparison of various hardware and software
multiply operations, along with the savings in memory
and execution time, is shown in Table 9-1.
9.2 Operation
Example 9-1 shows the instruction sequence for an 8 x 8
unsigned multiplication. Only one instruction is required
when one of the arguments is already loaded in the
WREG register.
Example 9-2 shows the sequence to do an 8 x 8 signed
multiplication. To account for the sign bits of the argu-
ments, each argument’s Most Significant bit (MSb) is
tested and the appropriate subtractions are done.
EXAMPLE 9-1: 8 x 8 UNSIGNED 
MULTIPLY ROUTINE    
EXAMPLE 9-2: 8 x 8 SIGNED MULTIPLY 
ROUTINE 
TABLE 9-1: PERFORMANCE COMPARISON FOR VARIOUS MULTIPLY OPERATIONS     
MOVF ARG1, W ; 
MULWF ARG2 ; ARG1 * ARG2 -> 
; PRODH:PRODL 
MOVF ARG1, W    
MULWF ARG2 ; ARG1 * ARG2 -> 
; PRODH:PRODL 
BTFSC ARG2, SB ; Test Sign Bit 
SUBWF PRODH, F ; PRODH = PRODH 
;         - ARG1 
MOVF ARG2, W
BTFSC ARG1, SB ; Test Sign Bit 
SUBWF PRODH, F ; PRODH = PRODH 








@ 40 MHz @ 10 MHz @ 4 MHz
8 x 8 unsigned
Without hardware multiply 13 69 6.9 μs 27.6 μs 69 μs
Hardware multiply 1 1 100 ns 400 ns 1 μs
8 x 8 signed
Without hardware multiply 33 91 9.1 μs 36.4 μs 91 μs
Hardware multiply 6 6 600 ns 2.4 μs 6 μs
16 x 16 unsigned
Without hardware multiply 21 242 24.2 μs 96.8 μs 242 μs
Hardware multiply 28 28 2.8 μs 11.2 μs 28 μs
16 x 16 signed
Without hardware multiply 52 254 25.4 μs 102.6 μs 254 μs
Hardware multiply 35 40 4.0 μs 16.0 μs 40 μs
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Example 9-3 shows the sequence to do a 16 x 16
unsigned multiplication. Equation 9-1 shows the
algorithm that is used. The 32-bit result is stored in four
registers (RES3:RES0).
EQUATION 9-1: 16 x 16 UNSIGNED 
MULTIPLICATION 
ALGORITHM 
EXAMPLE 9-3: 16 x 16 UNSIGNED 
MULTIPLY ROUTINE 
Example 9-4 shows the sequence to do a 16 x 16
signed multiply. Equation 9-2 shows the algorithm
used. The 32-bit result is stored in four registers
(RES<3:0>). To account for the sign bits of the argu-
ments, the MSb for each argument pair is tested and
the appropriate subtractions are done.
EQUATION 9-2: 16 x 16 SIGNED 
MULTIPLICATION 
ALGORITHM 
EXAMPLE 9-4: 16 x 16 SIGNED 
MULTIPLY ROUTINE 
RES3:RES0 = ARG1H:ARG1L • ARG2H:ARG2L
= (ARG1H • ARG2H • 216) +
(ARG1H • ARG2L • 28) +
(ARG1L • ARG2H • 28) +
(ARG1L • ARG2L)
MOVF ARG1L, W  
MULWF ARG2L ; ARG1L * ARG2L-> 
; PRODH:PRODL 
MOVFF PRODH, RES1 ; 
MOVFF PRODL, RES0 ; 
; 
MOVF ARG1H, W 
MULWF ARG2H ; ARG1H * ARG2H-> 
; PRODH:PRODL 
MOVFF PRODH, RES3 ; 
MOVFF PRODL, RES2 ; 
; 
MOVF ARG1L, W 
MULWF ARG2H ; ARG1L * ARG2H-> 
; PRODH:PRODL 
MOVF PRODL, W ; 
ADDWF RES1, F ; Add cross 
MOVF PRODH, W ; products 
ADDWFC RES2, F ; 
CLRF WREG ; 
ADDWFC RES3, F ; 
; 
MOVF ARG1H, W ; 
MULWF ARG2L ; ARG1H * ARG2L-> 
; PRODH:PRODL 
MOVF PRODL, W ; 
ADDWF RES1, F ; Add cross 
MOVF PRODH, W ; products 
ADDWFC RES2, F ; 
CLRF WREG ; 
ADDWFC RES3, F ; 
RES3:RES0= ARG1H:ARG1L • ARG2H:ARG2L
= (ARG1H • ARG2H • 216) +
(ARG1H • ARG2L • 28) +
(ARG1L • ARG2H • 28) +
(ARG1L • ARG2L) +
(-1 • ARG2H<7> • ARG1H:ARG1L • 216) +
(-1 • ARG1H<7> • ARG2H:ARG2L • 216)
MOVF ARG1L, W 
MULWF ARG2L ; ARG1L * ARG2L -> 
; PRODH:PRODL 
MOVFF PRODH, RES1 ; 
MOVFF PRODL, RES0 ; 
; 
MOVF ARG1H, W 
MULWF ARG2H ; ARG1H * ARG2H -> 
; PRODH:PRODL 
MOVFF PRODH, RES3 ; 
MOVFF PRODL, RES2 ; 
; 
MOVF ARG1L, W 
MULWF ARG2H ; ARG1L * ARG2H -> 
; PRODH:PRODL 
MOVF PRODL, W ; 
ADDWF RES1, F ; Add cross 
MOVF PRODH, W ; products 
ADDWFC RES2, F ; 
CLRF WREG ; 
ADDWFC RES3, F ; 
; 
MOVF ARG1H, W ; 
MULWF ARG2L ; ARG1H * ARG2L -> 
; PRODH:PRODL 
MOVF PRODL, W ; 
ADDWF RES1, F ; Add cross 
MOVF PRODH, W ; products 
ADDWFC RES2, F ; 
CLRF WREG ; 
ADDWFC RES3, F ; 
; 
BTFSS ARG2H, 7 ; ARG2H:ARG2L neg? 
BRA SIGN_ARG1 ; no, check ARG1 
MOVF ARG1L, W ; 
SUBWF RES2 ; 




BTFSS ARG1H, 7 ; ARG1H:ARG1L neg? 
BRA CONT_CODE ; no, done 
MOVF ARG2L, W ; 
SUBWF RES2 ; 




   :
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10.0 INTERRUPTS
The PIC18F8722 family of devices have multiple
interrupt sources and an interrupt priority feature that
allows most interrupt sources to be assigned a high-
priority level or a low-priority level. The high-priority
interrupt vector is at 0008h and the low-priority interrupt
vector is at 0018h. High-priority interrupt events will
interrupt any low-priority interrupts that may be in
progress.
There are ten registers which are used to control





• PIR1, PIR2, PIR3
• PIE1, PIE2, PIE3
• IPR1, IPR2, IPR3
It is recommended that the Microchip header files
supplied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/
compiler to automatically take care of the placement of
these bits within the specified register.
In general, interrupt sources have three bits to control
their operation. They are:
• Flag bit to indicate that an interrupt event 
occurred
• Enable bit that allows program execution to 
branch to the interrupt vector address when the 
flag bit is set
• Priority bit to select high priority or low priority
The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts
globally. Setting the GIEH bit (INTCON<7>) enables all
interrupts that have the priority bit set (high priority).
Setting the GIEL bit (INTCON<6>) enables all
interrupts that have the priority bit cleared (low priority).
When the interrupt flag, enable bit and appropriate
global interrupt enable bit are set, the interrupt will
vector immediately to address 0008h or 0018h,
depending on the priority bit setting. Individual
interrupts can be disabled through their corresponding
enable bits.
When the IPEN bit is cleared (default state), the
interrupt priority feature is disabled and interrupts are
compatible with PIC® mid-range devices. In
Compatibility mode, the interrupt priority bits for each
source have no effect. INTCON<6> is the PEIE bit,
which enables/disables all peripheral interrupt sources.
INTCON<7> is the GIE bit, which enables/disables all
interrupt sources. All interrupts branch to address
0008h in Compatibility mode.
When an interrupt is responded to, the global interrupt
enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High-priority interrupt sources can interrupt a low-
priority interrupt. Low-priority interrupts are not
processed while high-priority interrupts are in progress.
The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address (0008h
or 0018h). Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bits must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.
The “return from interrupt” instruction, RETFIE, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used), which re-enables interrupts.
For external interrupt events, such as the INTx pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bit or the GIE bit.
Note: Do not use the MOVFF instruction to modify
any of the interrupt control registers while
any interrupt is enabled. Doing so may
cause erratic microcontroller behavior.
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10.1 INTCON Registers
The INTCON registers are readable and writable
registers which contain various enable, priority and flag
bits.
Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
interrupt enable bit. User software should
ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt.
This feature allows for software polling.
REGISTER 10-1: INTCON: INTERRUPT CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF(1)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 GIE/GIEH: Global Interrupt Enable bit
When IPEN = 0:
1 = Enables all unmasked interrupts
0 = Disables all interrupts 
When IPEN = 1:
1 = Enables all high-priority interrupts 
0 = Disables all interrupts
bit 6 PEIE/GIEL: Peripheral Interrupt Enable bit
When IPEN = 0:
1 = Enables all unmasked peripheral interrupts 
0 = Disables all peripheral interrupts 
When IPEN = 1:
1 = Enables all low-priority peripheral interrupts 
0 = Disables all low-priority peripheral interrupts
bit 5 TMR0IE: TMR0 Overflow Interrupt Enable bit 
1 = Enables the TMR0 overflow interrupt 
0 = Disables the TMR0 overflow interrupt
bit 4 INT0IE: INT0 External Interrupt Enable bit 
1 = Enables the INT0 external interrupt 
0 = Disables the INT0 external interrupt
bit 3 RBIE: RB Port Change Interrupt Enable bit 
1 = Enables the RB port change interrupt 
0 = Disables the RB port change interrupt 
bit 2 TMR0IF: TMR0 Overflow Interrupt Flag bit 
1 = TMR0 register has overflowed (must be cleared in software) 
0 = TMR0 register did not overflow
bit 1 INT0IF: INT0 External Interrupt Flag bit 
1 = The INT0 external interrupt occurred (must be cleared in software) 
0 = The INT0 external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit(1) 
1 = At least one of the RB7:RB4 pins changed state (must be cleared in software) 
0 = None of the RB7:RB4 pins have changed state
Note 1: A mismatch condition will continue to set this bit. Reading PORTB will end the mismatch condition and 
allow the bit to be cleared. 
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REGISTER 10-2: INTCON2: INTERRUPT CONTROL REGISTER 2
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG0 INTEDG1 INTEDG2 INTEDG3 TMR0IP INT3IP RBIP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 RBPU: PORTB Pull-up Enable bit 
1 = All PORTB pull-ups are disabled 
0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDG0: External Interrupt 0 Edge Select bit 
1 = Interrupt on rising edge 
0 = Interrupt on falling edge 
bit 5 INTEDG1: External Interrupt 1 Edge Select bit 
1 = Interrupt on rising edge 
0 = Interrupt on falling edge
bit 4 INTEDG2: External Interrupt 2 Edge Select bit 
1 = Interrupt on rising edge 
0 = Interrupt on falling edge 
bit 3 INTEDG3: External Interrupt 3 Edge Select bit 
1 = Interrupt on rising edge 
0 = Interrupt on falling edge
bit 2 TMR0IP: TMR0 Overflow Interrupt Priority bit 
1 = High priority 
0 = Low priority
bit 1 INT3IP: INT3 External Interrupt Priority bit
1 = High priority 
0 = Low priority
bit 0 RBIP: RB Port Change Interrupt Priority bit
1 = High priority 
0 = Low priority
Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding
enable bit or the global interrupt enable bit. User software should ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt. This feature allows for software polling.
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REGISTER 10-3: INTCON3: INTERRUPT CONTROL REGISTER 3
R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 INT2IP: INT2 External Interrupt Priority bit
1 = High priority 
0 = Low priority 
bit 6 INT1IP: INT1 External Interrupt Priority bit
1 = High priority 
0 = Low priority
bit 5 INT3IE: INT3 External Interrupt Enable bit
1 = Enables the INT3 external interrupt 
0 = Disables the INT3 external interrupt 
bit 4 INT2IE: INT2 External Interrupt Enable bit
1 = Enables the INT2 external interrupt 
0 = Disables the INT2 external interrupt
bit 3 INT1IE: INT1 External Interrupt Enable bit 
1 = Enables the INT1 external interrupt 
0 = Disables the INT1 external interrupt
bit 2 INT3IF: INT3 External Interrupt Flag bit
1 = The INT3 external interrupt occurred (must be cleared in software) 
0 = The INT3 external interrupt did not occur
bit 1 INT2IF: INT2 External Interrupt Flag bit
1 = The INT2 external interrupt occurred (must be cleared in software) 
0 = The INT2 external interrupt did not occur
bit 0 INT1IF: INT1 External Interrupt Flag bit 
1 = The INT1 external interrupt occurred (must be cleared in software) 
0 = The INT1 external interrupt did not occur
Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding
enable bit or the global interrupt enable bit. User software should ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt. This feature allows for software polling.
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10.2 PIR Registers
The PIR registers contain the individual flag bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are three Peripheral Interrupt
Request (Flag) registers (PIR1, PIR2, PIR3). 
Note 1: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Interrupt Enable bit, GIE (INTCON<7>). 
2: User software should ensure the
appropriate interrupt flag bits are cleared
prior to enabling an interrupt and after
servicing that interrupt.
REGISTER 10-4: PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1
R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 PSPIF: Parallel Slave Port Read/Write Interrupt Flag bit
1 = A read or a write operation has taken place (must be cleared in software) 
0 = No read or write has occurred
bit 6 ADIF: A/D Converter Interrupt Flag bit 
1 = An A/D conversion completed (must be cleared in software) 
0 = The A/D conversion is not complete
bit 5 RC1IF: EUSART1 Receive Interrupt Flag bit 
1 = The EUSART1 receive buffer, RCREG1, is full (cleared when RCREG1 is read) 
0 = The EUSART1 receive buffer is empty
bit 4 TX1IF: EUSART1 Transmit Interrupt Flag bit 
1 = The EUSART1 transmit buffer, TXREG1, is empty (cleared when TXREG1 is written) 
0 = The EUSART1 transmit buffer is full
bit 3 SSP1IF: MSSP1 Interrupt Flag bit 
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive 
bit 2 CCP1IF: ECCP1 Interrupt Flag bit 
Capture mode: 
1 = A TMR1/TMR3 register capture occurred (must be cleared in software) 
0 = No TMR1/TMR3 register capture occurred 
Compare mode: 
1 = A TMR1/TMR3 register compare match occurred (must be cleared in software) 
0 = No TMR1/TMR3 register compare match occurred
PWM mode: 
Unused in this mode.
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software) 
0 = No TMR2 to PR2 match occurred
bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit 
1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow
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REGISTER 10-5: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2
R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIF: Oscillator Fail Interrupt Flag bit
1 = Device oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = Device clock operating
bit 6 CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIF: EEPROM or Flash Write Operation Interrupt Flag bit
1 = The write operation is complete (must be cleared in software)
0 = The write operation is not complete or has not been started
bit 3 BCL1IF: MSSP1 Bus Collision Interrupt Flag bit 
1 = A bus collision occurred while the MSSP1 module configured in I2C™ Master mode was
transmitting (must be cleared in software)
0 = No bus collision occurred
bit 2 HLVDIF: High/Low-Voltage Detect Interrupt Flag bit 
1 = A low-voltage condition occurred (must be cleared in software)
0 = The device voltage is above the Low-Voltage Detect trip point
bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMR3 register overflowed (must be cleared in software)
0 = TMR3 register did not overflow
bit 0 CCP2IF: ECCP2 Interrupt Flag bit 
Capture mode: 
1 = A TMR1/TMR3 register capture occurred (must be cleared in software) 
0 = No TMR1/TMR3 register capture occurred 
Compare mode: 
1 = A TMR1/TMR3 register compare match occurred (must be cleared in software) 
0 = No TMR1/TMR3 register compare match occurred
PWM mode:
Unused in this mode. 
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REGISTER 10-6: PIR3: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 3
R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
SSP2IF BCL2IF RC2IF TX2IF TMR4IF CCP5IF CCP4IF CCP3IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 SSP2IF: MSSP2 Interrupt Flag bit 
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive
bit 6 BCL2IF: MSSP2 Bus Collision Interrupt Flag bit
1 = A bus collision has occurred while the MSSP2 module configured in I2C™ master was
transmitting (must be cleared in software)
0 = No bus collision occurred
bit 5 RC2IF: EUSART2 Receive Interrupt Flag bit 
1 = The EUSART2 receive buffer, RCREG2, is full (cleared when RCREG2 is read) 
0 = The EUSART2 receive buffer is empty
bit 4 TX2IF: EUSART2 Transmit Interrupt Flag bit 
1 = The EUSART2 transmit buffer, TXREG2, is empty (cleared when TXREG2 is written) 
0 = The EUSART2 transmit buffer is full
bit 3 TMR4IF: TMR4 to PR4 Match Interrupt Flag bit
1 = TMR4 to PR4 match occurred (must be cleared in software)
0 = No TMR4 to PR4 match occurred
bit 2 CCP5IF: CCP5 Interrupt Flag bit
Capture mode:
1 = A TMR register capture occurred (must be cleared in software)
0 = No TMR register capture occurred
Compare mode:
1 = A TMR register compare match occurred (must be cleared in software)
0 = No TMR register compare match occurred
PWM Mode:
bit 1 CCP4IF: CCP4 Interrupt Flag bit
Capture mode:
1 = A TMR register capture occurred (must be cleared in software)
0 = No TMR register capture occurred
Compare mode:
1 = A TMR register compare match occurred (must be cleared in software)
0 = No TMR register compare match occurred
PWM mode:
Not used in PWM mode.
bit 0 CCP3IF: ECCP3 Interrupt Flag bit
Capture mode:
1 = A TMR register capture occurred (must be cleared in software)
0 = No TMR register capture occurred
Compare mode:
1 = A TMR register compare match occurred (must be cleared in software)
0 = No TMR register compare match occurred
PWM mode:
Not used in PWM mode.
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10.3 PIE Registers
The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are three Peripheral
Interrupt Enable registers (PIE1, PIE2, PIE3). When
IPEN = 0, the PEIE bit must be set to enable any of
these peripheral interrupts.   
REGISTER 10-7: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit 
1 = Enables the PSP read/write interrupt 
0 = Disables the PSP read/write interrupt
bit 6 ADIE: A/D Converter Interrupt Enable bit 
1 = Enables the A/D interrupt 
0 = Disables the A/D interrupt
bit 5 RC1IE: EUSART1 Receive Interrupt Enable bit
1 = Enables the EUSART1 receive interrupt 
0 = Disables the EUSART1 receive interrupt
bit 4 TX1IE: EUSART1 Transmit Interrupt Enable bit 
1 = Enables the EUSART1 transmit interrupt 
0 = Disables the EUSART1 transmit interrupt
bit 3 SSP1IE: MSSP1 Interrupt Enable bit
1 = Enables the MSSP1 interrupt 
0 = Disables the MSSP1 interrupt
bit 2 CCP1IE: ECCP1 Interrupt Enable bit 
1 = Enables the ECCP1 interrupt 
0 = Disables the ECCP1 interrupt
bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt 
0 = Disables the TMR2 to PR2 match interrupt
bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt 
0 = Disables the TMR1 overflow interrupt
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REGISTER 10-8: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2
R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIE: Oscillator Fail Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 CMIE: Comparator Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 Unimplemented: Read as ‘0’ 
bit 4 EEIE: Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 BCL1IE: MSSP1 Bus Collision Interrupt Enable bit 
1 = Enabled
0 = Disabled
bit 2 HLVDIE: High/Low-Voltage Detect Interrupt Enable bit 
1 = Enabled
0 = Disabled
bit 1 TMR3IE: TMR3 Overflow Interrupt Enable bit 
1 = Enabled
0 = Disabled
bit 0 CCP2IE: ECCP2 Interrupt Enable bit 
1 = Enabled
0 = Disabled
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REGISTER 10-9: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3
R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
SSP2IE BCL2IE RC2IE TX2IE TMR4IE CCP5IE CCP4IE CCP3IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 SSP2IE: MSSP2 Interrupt Enable bit
1 = Enables the MSSP2 interrupt
0 = Disables the MSSP2 interrupt
bit 6 BCL2IE: MSSP2 Bus Collision Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 RC2IE: EUSART2 Receive Interrupt Enable bit 
1 = Enabled
0 = Disabled
bit 4 TX2IE: EUSART2 Transmit Interrupt Enable bit 
1 = Enabled
0 = Disabled
bit 3 TMR4IE: TMR4 to PR4 Match Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 CCP5IE: CCP5 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 CCP4IE: CCP4 Interrupt Enable bit
1 = Enabled
0 = Disabled




DS39646C-page 130 © 2008 Microchip Technology Inc.
10.4 IPR Registers
The IPR registers contain the individual priority bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are three Peripheral
Interrupt Priority registers (IPR1, IPR2, IPR3). Using
the priority bits requires that the Interrupt Priority
Enable (IPEN) bit be set. 
REGISTER 10-10: IPR1: PERIPHERAL INTERRUPT PRIORITY REGISTER 1
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 PSPIP: Parallel Slave Port Read/Write Interrupt Priority bit 
1 = High priority 
0 = Low priority
bit 6 ADIP: A/D Converter Interrupt Priority bit
1 = High priority 
0 = Low priority
bit 5 RC1IP: EUSART1 Receive Interrupt Priority bit 
1 = High priority 
0 = Low priority
bit 4 TX1IP: EUSART1 Transmit Interrupt Priority bit 
1 = High priority 
0 = Low priority
bit 3 SSP1IP: MSSP1 Interrupt Priority bit 
1 = High priority 
0 = Low priority
bit 2 CCP1IP: ECCP1 Interrupt Priority bit
1 = High priority 
0 = Low priority
bit 1 TMR2IP: TMR2 to PR2 Match Interrupt Priority bit 
1 = High priority 
0 = Low priority
bit 0 TMR1IP: TMR1 Overflow Interrupt Priority bit 
1 = High priority 
0 = Low priority
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REGISTER 10-11: IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2
R/W-1 R/W-1 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIP: Oscillator Fail Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 CMIP: Comparator Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIP: Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 BCL1IP: MSSP1 Bus Collision Interrupt Priority bit 
1 = High priority
0 = Low priority
bit 2 HLVDIP: High/Low-Voltage Detect Interrupt Priority bit 
1 = High priority
0 = Low priority
bit 1 TMR3IP: TMR3 Overflow Interrupt Priority bit 
1 = High priority
0 = Low priority
bit 0 CCP2IP: ECCP2 Interrupt Priority bit
1 = High priority
0 = Low priority
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REGISTER 10-12: IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3
R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
SSP2IP BCL2IP RC2IP TX2IP TMR4IP CCP5IP CCP4IP CCP3IP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 SSP2IP: MSSP2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 BCL2IP: MSSP2 Bus Collision Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 RC2IP: EUSART2 Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TX2IP: EUSART2 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 TMR4IP: TMR4 to PR4 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCP5IP: CCP5 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 CCP4IP: CCP4 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 CCP3IP: ECCP3 Interrupt Priority bit
1 = High priority
0 = Low priority
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10.5 RCON Register
The RCON register contains bits used to determine the
cause of the last Reset or wake-up from Idle or Sleep
modes. RCON also contains the bit that enables
interrupt priorities (IPEN).
REGISTER 10-13: RCON: RESET CONTROL REGISTER
R/W-0 R/W-1 U-0 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN SBOREN — RI TO PD POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IPEN: Interrupt Priority Enable bit 
1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)
bit 6 SBOREN: Software BOR Enable bit
For details of bit operation and Reset state, see Register 4-1.
bit 5 Unimplemented: Read as ‘0’ 
bit 4 RI: RESET Instruction Flag bit 
For details of bit operation, see Register 4-1.
bit 3 TO: Watchdog Timer Time-out Flag bit 
For details of bit operation, see Register 4-1.
bit 2 PD: Power-Down Detection Flag bit 
For details of bit operation, see Register 4-1.
bit 1 POR: Power-on Reset Status bit
For details of bit operation, see Register 4-1.
bit 0 BOR: Brown-out Reset Status bit 
For details of bit operation, see Register 4-1.
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10.6 INTx Pin Interrupts
External interrupts on the RB0/INT0, RB1/INT1, RB2/
INT2 and RB3/INT3 pins are edge-triggered. If the
corresponding INTEDGx bit in the INTCON2 register is
set (= 1), the interrupt is triggered by a rising edge; if
the bit is clear, the trigger is on the falling edge. When
a valid edge appears on the RBx/INTx pin, the
corresponding flag bit, INTxIF, is set. This interrupt can
be disabled by clearing the corresponding enable bit,
INTxIE. Flag bit, INTxIF, must be cleared in software in
the Interrupt Service Routine before re-enabling the
interrupt. 
All external interrupts (INT0, INT1, INT2 and INT3) can
wake-up the processor from the power-managed
modes if bit INTxIE was set prior to going into power-
managed modes. If the Global Interrupt Enable bit,
GIE, is set, the processor will branch to the interrupt
vector following wake-up.
Interrupt priority for INT1, INT2 and INT3 is determined
by the value contained in the interrupt priority bits,
INT1IP (INTCON3<6>), INT2IP (INTCON3<7>) and
INT3IP (INTCON2<1>). There is no priority bit
associated with INT0. It is always a high-priority
interrupt source.
10.7 TMR0 Interrupt
In 8-bit mode (which is the default), an overflow in the
TMR0 register (FFh → 00h) will set flag bit, TMR0IF. In
16-bit mode, an overflow in the TMR0H:TMR0L register
pair (FFFFh → 0000h) will set TMR0IF. The interrupt can
be enabled/disabled by setting/clearing enable bit,
TMR0IE (INTCON<5>). Interrupt priority for Timer0 is
determined by the value contained in the interrupt
priority bit, TMR0IP (INTCON2<2>). See Section 12.0
“Timer0 Module” for further details on the Timer0
module.
10.8 PORTB Interrupt-on-Change
An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).
10.9 Context Saving During Interrupts
During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the fast return stack. If a fast
return from interrupt is not used (see Section 5.3
“Data Memory Organization”), the user may need to
save the WREG, STATUS and BSR registers on entry
to the Interrupt Service Routine. Depending on the
user’s application, other registers may also need to be
saved. Example 10-1 saves and restores the WREG,
STATUS and BSR registers during an Interrupt Service
Routine.
EXAMPLE 10-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM  
MOVWF W_TEMP ; W_TEMP is in virtual bank
MOVFF STATUS, STATUS_TEMP ; STATUS_TEMP located anywhere
MOVFF BSR, BSR_TEMP ; BSR_TMEP located anywhere
;
; USER ISR CODE
;
MOVFF BSR_TEMP, BSR ; Restore BSR
MOVF W_TEMP, W ; Restore WREG
MOVFF STATUS_TEMP, STATUS ; Restore STATUS
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11.0 I/O PORTS
Depending on the device selected and features
enabled, there are up to nine ports available. Some
pins of the I/O ports are multiplexed with an alternate
function from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose I/O pin.
Each port has three registers for its operation. These
registers are:
• TRIS register (Data Direction register)
• Port register (reads the levels on the pins of the 
device)
• LAT register (output latch)
The Data Latch (LAT register) is useful for
read-modify-write operations on the value that the I/O
pins are driving.
A simplified model of a generic I/O port, without the
interfaces to other peripherals, is shown in Figure 11-1.
FIGURE 11-1: GENERIC I/O PORT 
OPERATION   
11.1 PORTA, TRISA and 
LATA Registers
PORTA is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
high-impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).
Reading the PORTA register reads the status of the
pins, whereas writing to it, will write to the port latch. 
The Data Latch register (LATA) is also memory
mapped. Read-modify-write operations on the LATA
register read and write the latched output value for
PORTA.
The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/T0CKI pin. Pins RA6
and RA7 are multiplexed with the main oscillator pins;
they are enabled as oscillator or I/O pins by the selec-
tion of the main oscillator in the Configuration register
(see Section 25.1 “Configuration Bits” for details).
When they are not used as port pins, RA6 and RA7 and
their associated TRIS and LAT bits are read as ‘0’.
The other PORTA pins are multiplexed with the analog
VREF+ and VREF- inputs. The operation of pins
RA5:RA0 as A/D converter inputs is selected by
clearing or setting the PCFG<3:0> control bits in the
ADCON1 register.
The RA4/T0CKI pin is a Schmitt Trigger input and an
open-drain output. All other PORTA pins have TTL
input levels and full CMOS output drivers.
The TRISA register controls the direction of the PORTA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs. 





















Note 1: I/O pins have diode protection to VDD and VSS.
Note: On a Power-on Reset, RA5 and RA<3:0>
are configured as analog inputs and read
as ‘0’. RA4 is configured as a digital input.
CLRF PORTA ;  Initialize PORTA by
; clearing output
; data latches
CLRF LATA ; Alternate method
; to clear output
; data latches
MOVLW 0Fh ; Configure A/D 
MOVWF ADCON1 ; for digital inputs
MOVLW 0CFh ; Value used to 
; initialize data 
; direction
MOVWF TRISA ;  Set RA<3:0> as inputs
;  RA<5:4> as outputs
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TABLE 11-1: PORTA FUNCTIONS








RA0/AN0 RA0 0 O DIG LATA<0> data output; not affected by analog input.
1 I TTL PORTA<0> data input; disabled when analog input enabled.
AN0 1 I ANA A/D input channel 0. Default input configuration on POR; does not affect 
digital output.
RA1/AN1 RA1 0 O DIG LATA<1> data output; not affected by analog input.
1 I TTL PORTA<1> data input; disabled when analog input enabled.
AN1 1 I ANA A/D input channel 1. Default input configuration on POR; does not affect 
digital output.
RA2/AN2/VREF- RA2 0 O DIG LATA<2> data output; not affected by analog input.
1 I TTL PORTA<2> data input. Disabled when analog functions enabled.
AN2 1 I ANA A/D input channel 2. Default input configuration on POR.
VREF- 1 I ANA Comparator voltage reference low input and A/D voltage reference low input.
RA3/AN3/VREF+ RA3 0 O DIG LATA<3> data output; not affected by analog input.
1 I TTL PORTA<3> data input; disabled when analog input enabled.
AN3 1 I ANA A/D input channel 3. Default input configuration on POR.
VREF+ 1 I ANA Comparator voltage reference high input and A/D voltage reference 
high input.
RA4/T0CKI RA4 0 O DIG LATA<4> data output.
1 I ST PORTA<4> data input; default configuration on POR.
T0CKI x I ST Timer0 clock input.
RA5/AN4/HLVDIN RA5 0 O DIG LATA<5> data output; not affected by analog input.
1 I TTL PORTA<5> data input; disabled when analog input enabled.
AN4 1 I ANA A/D input channel 4. Default configuration on POR.
HLVDIN 1 I ANA High/Low-Voltage Detect external trip point input.
OSC2/CLKO/RA6 OSC2 x O ANA Main oscillator feedback output connection (XT, HS, HSPLL and LP modes).
CLKO x O DIG System cycle clock output (FOSC/4) in all oscillator modes except RC, 
INTIO7 and EC.
RA6 0 O DIG LATA<6> data output. Enabled in RCIO, INTIO2 and ECIO modes only.
1 I TTL PORTA<6> data input. Enabled in RCIO, INTIO2 and ECIO modes only.
OSC1/CLKI/RA7 OSC1 x I ANA Main oscillator input connection.
CLKI x I ANA Main clock input connection.
RA7 0 O DIG LATA<7> data output. Disabled in external oscillator modes.
1 I TTL PORTA<7> data input. Disabled in external oscillator modes.
Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST= Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).




PORTA RA7(1) RA6(1) RA5 RA4 RA3 RA2 RA1 RA0 61
LATA LATA7(1) LATA6(1) LATA5 LATA4 LATA3 LATA2 LATA1 LATA0 60
TRISA TRISA7(1) TRISA6(1) TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 60
ADCON1 — — VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0 59
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTA.
Note 1: RA<7:6> and their associated latch and data direction bits are enabled as I/O pins based on oscillator 
configuration; otherwise, they are read as ‘0’.
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11.2 PORTB, TRISB and 
LATB Registers
PORTB is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output
(i.e., put the contents of the output latch on the
selected pin).
The Data Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register read and write the latched output value for
PORTB. 
EXAMPLE 11-2: INITIALIZING PORTB 
Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.
Four of the PORTB pins (RB<7:4>) have an
interrupt-on-change feature. Only pins configured as
inputs can cause this interrupt to occur (i.e., any
RB7:RB4 pin configured as an output is excluded from
the interrupt-on-change comparison). The input pins (of
RB7:RB4) are compared with the old value latched on
the last read of PORTB. The “mismatch” outputs of
RB7:RB4 are ORed together to generate the RB Port
Change Interrupt with Flag bit, RBIF (INTCON<0>). 
This interrupt can wake the device from
power-managed modes. The user, in the Interrupt
Service Routine, can clear the interrupt in the following
manner:
a) Any read or write of PORTB (except with the
MOVSF, MOVSS, MOVFF (ANY), PORTB
instruction). This will end the mismatch
condition.
b) Clear flag bit, RBIF.
A mismatch condition will continue to set flag bit, RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit, RBIF, to be cleared.
The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.
For 80-pin devices, RB3 can be configured as the
alternate peripheral pin for the ECCP2 module by
clearing the CCP2MX Configuration bit. This applies
only when the device is in one of the operating modes
other than the default Microcontroller mode. If the
device is in Microcontroller mode, the alternate
assignment for ECCP2 is RE7. As with other ECCP2
configurations, the user must ensure that the
TRISB<3> bit is set appropriately for the intended
operation. 
CLRF PORTB ;  Initialize PORTB by
; clearing output
; data latches
CLRF LATB ; Alternate method
; to clear output
; data latches
MOVLW 0CFh ;  Value used to
; initialize data 
; direction
MOVWF TRISB ;  Set RB<3:0> as inputs
;  RB<5:4> as outputs
;  RB<7:6> as inputs
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RB0/INT0/FLT0 RB0 0 O DIG LATB<0> data output.
1 I TTL PORTB<0> data input; weak pull-up when RBPU bit is cleared.
INT0 1 I ST External interrupt 0 input.
FLT0 1 I ST ECCPx PWM Fault input, enabled in software.
RB1/INT1 RB1 0 O DIG LATB<1> data output.
1 I TTL PORTB<1> data input; weak pull-up when RBPU bit is cleared.
INT1 1 I ST External interrupt 1 input.
RB2/INT2 RB2 0 O DIG LATB<2> data output.
1 I TTL PORTB<2> data input; weak pull-up when RBPU bit is cleared.
INT2 1 I ST External interrupt 2 input.
RB3/INT3/
ECCP2/P2A
RB3 0 O DIG LATB<3> data output.
1 I TTL PORTB<3> data input; weak pull-up when RBPU bit is cleared and 
capture input is disabled.
INT3 1 I ST External interrupt 3 input.
ECCP2(1) 0 O DIG ECCP2 compare output and ECCP2 PWM output. Takes priority over 
port data.
1 I ST ECCP2 capture input.
P2A(1) 0 O DIG ECCP2 Enhanced PWM output, channel A. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data.
RB4/KBI0 RB4 0 O DIG LATB<4> data output.
1 I TTL PORTB<4> data input; weak pull-up when RBPU bit is cleared.
KBI0 1 I TTL Interrupt-on-pin change.
RB5/KBI1/PGM RB5 0 O DIG LATB<5> data output
1 I TTL PORTB<5> data input; weak pull-up when RBPU bit is cleared.
KBI1 1 I TTL Interrupt-on-pin change.
PGM x I ST Single-Supply Programming mode entry (ICSP). Enabled by LVP 
Configuration bit; all other pin functions disabled.
RB6/KBI2/PGC RB6 0 O DIG LATB<6> data output.
1 I TTL PORTB<6> data input; weak pull-up when RBPU bit is cleared.
KBI2 1 I TTL Interrupt-on-pin change.
PGC x I ST Serial execution (ICSP™) clock input for ICSP and ICD operation(2).
RB7/KBI3/PGD RB7 0 O DIG LATB<7> data output.
1 I TTL PORTB<7> data input; weak pull-up when RBPU bit is cleared.
KBI3 1 I TTL Interrupt-on-pin change.
PGD x O DIG Serial execution data output for ICSP and ICD operation(2).
x I ST Serial execution data input for ICSP and ICD operation(2).
Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared (Microprocessor, Extended 
Microcontroller and Microcontroller with Boot Block modes, 80-pin devices only). Default assignment is RC1.
2: All other pin functions are disabled when ICSP or ICD operations are enabled.
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TABLE 11-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB     




PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0 60
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATB0 60
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 60
INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
INTCON2 RBPU INTEDG0 INTEDG1 INTEDG2 INTEDG3 TMR0IP INT3IP RBIP 57
INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF 57
Legend: Shaded cells are not used by PORTB.
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11.3 PORTC, TRISC and 
LATC Registers
PORTC is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISC bit (= 0)
will make the corresponding PORTC pin an output
(i.e., put the contents of the output latch on the
selected pin).
The Data Latch register (LATC) is also memory
mapped. Read-modify-write operations on the LATC
register read and write the latched output value for
PORTC. 
PORTC is multiplexed with several peripheral
functions. All port pins have Schmitt Trigger input
buffers. RC1 is normally configured by Configuration
bit, CCP2MX, as the default peripheral pin of the
ECCP2 module (default/erased state, CCP2MX = 1).
When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an output,
while other peripherals override the TRIS bit to make a
pin an input. The user should refer to the corresponding
peripheral section for the correct TRIS bit settings.
The contents of the TRISC register are affected by
peripheral overrides. Reading TRISC always returns
the current contents, even though a peripheral device
may be overriding one or more of the pins.
EXAMPLE 11-3: INITIALIZING PORTC      
Note: On a Power-on Reset, these pins are
configured as digital inputs.
CLRF PORTC ;  Initialize PORTC by
; clearing output
; data latches
CLRF LATC ; Alternate method
; to clear output
; data latches
MOVLW 0CFh ;  Value used to 
; initialize data                   
; direction
MOVWF TRISC ;  Set RC<3:0> as inputs
; RC<5:4> as outputs
;  RC<7:6> as inputs
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I/O I/O Type Description
RC0/T1OSO/T13CKI RC0 0 O DIG LATC<0> data output.
1 I ST PORTC<0> data input.
T1OSO x O ANA Timer1 oscillator output; enabled when Timer1 oscillator enabled. 
Disables digital I/O.
T13CKI 1 I ST Timer1/Timer3 counter input.
RC1/T1OSI/
ECCP2/P2A
RC1 0 O DIG LATC<1> data output.
1 I ST PORTC<1> data input.
T1OSI x I ANA Timer1 oscillator input; enabled when Timer1 oscillator enabled. 
Disables digital I/O.
ECCP2(1) 0 O DIG ECCP2 compare output and ECCP2 PWM output. Takes priority over 
port data.
1 I ST ECCP2 capture input.
P2A(1) 0 O DIG ECCP2 Enhanced PWM output, channel A. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data.
RC2/ECCP1/P1A RC2 0 O DIG LATC<2> data output.
1 I ST PORTC<2> data input.
ECCP1 0 O DIG ECCP1 compare output and ECCP1 PWM output. Takes priority over 
port data.
1 I ST ECCP1 capture input.
P1A 0 O DIG ECCP1 Enhanced PWM output, channel A. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data.
RC3/SCK1/SCL1 RC3 0 O DIG LATC<3> data output.
1 I ST PORTC<3> data input.
SCK1 0 O DIG SPI clock output (MSSP1 module). Takes priority over port data.
1 I ST SPI clock input (MSSP1 module).
SCL1 0 O DIG I2C™ clock output (MSSP1 module). Takes priority over port data.
1 I I2C/SMB I2C clock input (MSSP1 module); input type depends on module 
setting.
RC4/SDI1/SDA1 RC4 0 O DIG LATC<4> data output.
1 I ST PORTC<4> data input.
SDI1 1 I ST SPI data input (MSSP1 module).
SDA1 1 O DIG I2C data output (MSSP1 module). Takes priority over port data.
1 I I2C/SMB I2C data input (MSSP1 module); input type depends on module setting.
RC5/SDO1 RC5 0 O DIG LATC<5> data output.
1 I ST PORTC<5> data input.
SDO1 0 O DIG SPI data output (MSSP1 module). Takes priority over port data.
Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level input/output; 
I2C/SMB = I2C/SMBus input buffer; x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Default assignment for ECCP2 when CCP2MX Configuration bit is set.
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TABLE 11-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC       
RC6/TX1/CK1 RC6 0 O DIG LATC<6> data output.
1 I ST PORTC<6> data input.
TX1 0 O DIG Asynchronous serial transmit data output (EUSART1 module). Takes 
priority over port data.
CK1 0 O DIG Synchronous serial clock output (EUSART1 module). Takes priority 
over port data.
1 I ST Synchronous serial clock input (EUSART1 module).
RC7/RX1/DT1 RC7 0 O DIG LATC<7> data output.
1 I ST PORTC<7> data input.
RX1 1 I ST Asynchronous serial receive data input (EUSART1 module)
DT1 1 O DIG Synchronous serial data output (EUSART1 module). Takes priority 
over port data. User must configure as input.
1 I ST Synchronous serial data input (EUSART1 module). User must 
configure as an input.




I/O I/O Type Description
Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level input/output; 
I2C/SMB = I2C/SMBus input buffer; x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Default assignment for ECCP2 when CCP2MX Configuration bit is set.




PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RC0 60
LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATC0 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
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11.4 PORTD, TRISD and 
LATD Registers
PORTD is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISD. Setting a
TRISD bit (= 1) will make the corresponding PORTD
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISD bit (= 0)
will make the corresponding PORTD pin an output
(i.e., put the contents of the output latch on the
selected pin).
The Data Latch register (LATD) is also memory
mapped. Read-modify-write operations on the LATD
register read and write the latched output value for
PORTD. 
All pins on PORTD are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.
In 80-pin devices, PORTD is multiplexed with the
system bus as part of the external memory interface.
I/O port and other functions are only available when the
interface is disabled by setting the EBDIS bit
(MEMCON<7>). When the interface is enabled,
PORTD is the low-order byte of the multiplexed
address/data bus (AD<7:0>). The TRISD bits are also
overridden.
PORTD can also be configured to function as an 8-bit
wide parallel microprocessor port by setting the
PSPMODE control bit (PSPCON<4>). In this mode,
parallel port data takes priority over other digital I/O (but
not the external memory interface). When the parallel
port is active, the input buffers are TTL. For more
information, refer to Section 11.10 “Parallel Slave
Port”.
EXAMPLE 11-4: INITIALIZING PORTD      
Note: On a Power-on Reset, these pins are
configured as digital inputs.
CLRF PORTD ;  Initialize PORTD by
 ; clearing output
 ; data latches
CLRF LATD ; Alternate method
; to clear output
; data latches
MOVLW 0CFh ;  Value used to 
; initialize data 
; direction
MOVWF TRISD ;  Set RD<3:0> as inputs
;  RD<5:4> as outputs
;  RD<7:6> as inputs
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I/O I/O Type Description
RD0/AD0/PSP0 RD0 0 O DIG LATD<0> data output.
1 I ST PORTD<0> data input.
AD0(1) x O DIG External memory interface, address/data bit 0 output. Takes priority 
over PSP and port data.
x I TTL External memory interface, data bit 0 input.
PSP0 x O DIG PSP read data output (LATD<0>). Takes priority over port data.
x I TTL PSP write data input.
RD1/AD1/PSP1 RD1 0 O DIG LATD<1> data output.
1 I ST PORTD<1> data input.
AD1(1) x O DIG External memory interface, address/data bit 1 output. Takes priority 
over PSP and port data.
x I TTL External memory interface, data bit 1 input.
PSP1 x O DIG PSP read data output (LATD<1>). Takes priority over port data.
x I TTL PSP write data input.
RD2/AD2/PSP2 RD2 0 O DIG LATD<2> data output.
1 I ST PORTD<2> data input.
AD2(1) x O DIG External memory interface, address/data bit 2 output. Takes priority 
over PSP and port data.
x I TTL External memory interface, data bit 2 input.
PSP2 x O DIG PSP read data output (LATD<2>). Takes priority over port data.
x I TTL PSP write data input.
RD3/AD3/PSP3 RD3 0 O DIG LATD<3> data output.
1 I ST PORTD<3> data input.
AD3(1) x O DIG External memory interface, address/data bit 3 output. Takes priority 
over PSP and port data.
x I TTL External memory interface, data bit 3 input.
PSP3 x O DIG PSP read data output (LATD<3>). Takes priority over port data.
x I TTL PSP write data input.
RD4/AD4/
PSP4/SDO2
RD4 0 O DIG LATD<4> data output.
1 I ST PORTD<4> data input.
AD4(1) x O DIG External memory interface, address/data bit 4 output. Takes priority 
over PSP, MSSP and port data.
x I TTL External memory interface, data bit 4 input.
PSP4 x O DIG PSP read data output (LATD<4>). Takes priority over port and PSP 
data.
x I TTL PSP write data input.
SDO2 0 O DIG SPI data output (MSSP2 module). Takes priority over PSP and port 
data.
Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Implemented on 80-pin devices only.
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RD5 0 O DIG LATD<5> data output.
1 I ST PORTD<5> data input.
AD5(1) x O DIG External memory interface, address/data bit 5 output. Takes priority 
over PSP, MSSP and port data.
x I TTL External memory interface, data bit 5 input.
PSP5 x O DIG PSP read data output (LATD<5>). Takes priority over port data.
x I TTL PSP write data input.
SDI2 1 I ST SPI data input (MSSP2 module).
SDA2 1 O DIG I2C™ data output (MSSP2 module). Takes priority over PSP and port 
data.





RD6 0 O DIG LATD<6> data output.
1 I ST PORTD<6> data input.
AD6(1) x O DIG-3 External memory interface, address/data bit 6 output. Takes priority 
over PSP, MSSP and port data.
x I TTL External memory interface, data bit 6 input.
PSP6 x O DIG PSP read data output (LATD<6>). Takes priority over port data.
x I TTL PSP write data input.
SCK2 0 O DIG SPI clock output (MSSP2 module). Takes priority over PSP and port 
data.
1 I ST SPI clock input (MSSP2 module).
SCL2 0 O DIG I2C clock output (MSSP2 module). Takes priority over PSP and port 
data.




RD7 0 O DIG LATD<7> data output.
1 I ST PORTD<7> data input.
AD7(1) x O DIG External memory interface, address/data bit 7 output. Takes priority 
over PSP and port data.
x I TTL External memory interface, data bit 7 input.
PSP7 x O DIG PSP read data output (LATD<7>). Takes priority over port data.
x I TTL PSP write data input.
SS2 1 I TTL Slave select input for SSP (MSSP2 module).




PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0 60
LATD LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATD0 60
TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISD0 60




I/O I/O Type Description
Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Implemented on 80-pin devices only.
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11.5 PORTE, TRISE and 
LATE Registers
PORTE is an 8-bit wide, bidirectional port. The
corresponding Data Direction register is TRISE. Setting
a TRISE bit (= 1) will make the corresponding PORTE
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISE bit (= 0)
will make the corresponding PORTE pin an output
(i.e., put the contents of the output latch on the
selected pin).
The Data Latch register (LATE) is also memory
mapped. Read-modify-write operations on the LATE
register read and write the latched output value for
PORTE. 
All pins on PORTE are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.
When the device is operating in Microcontroller mode,
pin RE7 can be configured as the alternate peripheral
pin for the ECCP2 module. This is done by clearing the
CCP2MX Configuration bit. 
In 80-pin devices, PORTE is multiplexed with the
system bus as part of the external memory interface.
I/O port and other functions are only available when the
interface is disabled by setting the EBDIS bit
(MEMCON<7>). When the interface is enabled (80-pin
devices only), PORTE is the high-order byte of the
multiplexed address/data bus (AD<15:8>). The TRISE
bits are also overridden.
When the Parallel Slave Port is active on PORTD,
three of the PORTE pins (RE0/AD8/RD/P2D,
RE1/AD9/WR/P2C and RE2/AD10/CS/P2B) are config-
ured as digital control inputs for the port. The control
functions are summarized in Table 11-9. The reconfigu-
ration occurs automatically when the PSPMODE control
bit (PSPCON<4>) is set. Users must still make certain
the corresponding TRISE bits are set to configure these
pins as digital inputs. 
EXAMPLE 11-5: INITIALIZING PORTE    
Note: On a Power-on Reset, these pins are
configured as digital inputs.
CLRF PORTE ; Initialize PORTE by
; clearing output
; data latches
CLRF LATE ; Alternate method
; to clear output
; data latches
MOVLW 03h ; Value used to 
; initialize data 
; direction
MOVWF TRISE ; Set RE<1:0> as inputs
; RE<7:2> as outputs
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RE0 0 O DIG LATE<0> data output.
1 I ST PORTE<0> data input.
AD8(2) x O DIG External memory interface, address/data bit 8 output. Takes priority 
over ECCP and port data.
x I TTL External memory interface, data bit 8 input.
RD 1 I TTL Parallel Slave Port read enable control input.
P2D 0 O DIG ECCP2 Enhanced PWM output, channel D. May be configured for 




RE1 0 O DIG LATE<1> data output.
1 I ST PORTE<1> data input.
AD9(2) x O DIG External memory interface, address/data bit 9 output. Takes priority 
over ECCP and port data.
x I TTL External memory interface, data bit 9 input.
WR 1 I TTL Parallel Slave Port write enable control input.
P2C 0 O DIG ECCP2 Enhanced PWM output, channel C. May be configured for 




RE2 0 O DIG LATE<2> data output.
1 I ST PORTE<2> data input.
AD10(2) x O DIG External memory interface, address/data bit 10 output. Takes priority 
over ECCP and port data.
x I TTL External memory interface, data bit 10 input.
CS 1 I TTL Parallel Slave Port chip select control input. 
P2B 0 O DIG ECCP2 Enhanced PWM output, channel B. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data. 
RE3/AD11/P3C RE3 0 O DIG LATE<3> data output.
1 I ST PORTE<3> data input.
AD11(2) x O DIG External memory interface, address/data bit 11 output. Takes priority 
over ECCP and port data.
x I TTL External memory interface, data bit 11 input.
P3C 0 O DIG ECCP3 Enhanced PWM output, channel C. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data. 
RE4/AD12/P3B RE4 0 O DIG LATE<4> data output.
1 I ST PORTE<4> data input.
AD12(2) x O DIG External memory interface, address/data bit 12 output. Takes priority 
over ECCP and port data.
x I TTL External memory interface, data bit 12 input.
P3B 0 O DIG ECCP3 Enhanced PWM output, channel B. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data. 
Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for ECCP2 when CCP2MX Configuration bit is cleared (all devices in Microcontroller mode).
2: Implemented on 80-pin devices only.
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TABLE 11-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE         
RE5/AD13/P1C RE5 0 O DIG LATE<5> data output.
1 I ST PORTE<5> data input.
AD13(2) x O DIG External memory interface, address/data bit 13 output. Takes priority 
over ECCP and port data.
x I TTL External memory interface, data bit 13 input.
P1C 0 O DIG ECCP1 Enhanced PWM output, channel C. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data. 
RE6/AD14/P1B RE6 0 O DIG LATE<6> data output.
1 I ST PORTE<6> data input.
AD14(2) x O DIG External memory interface, address/data bit 14 output. Takes priority 
over ECCP and port data.
x I TTL External memory interface, data bit 14 input.
P1B 0 O DIG ECCP1 Enhanced PWM output, channel B. May be configured for 




RE7 0 O DIG LATE<7> data output.
1 I ST PORTE<7> data input.
AD15(2) x O DIG External memory interface, address/data bit 15 output. Takes priority 
over ECCP and port data.
x I TTL External memory interface, data bit 15 input.
ECCP2(1) 0 O DIG ECCP2 compare output and ECCP2 PWM output. Takes priority over 
port data.
1 I ST ECCP2 capture input.
P2A(1) 0 O DIG ECCP2 Enhanced PWM output, channel A. Takes priority over port and 
data. May be configured for tri-state during Enhanced PWM shutdown 
events. 




PORTE RE7 RE6 RE5 RE4 RE3 RE2 RE1 RE0 60
LATE LATE7 LATE6 LATE5 LATE4 LATE3 LATE2 LATE1 LATE0 60
TRISE TRISE7 TRISE6 TRISE5 TRISE4 TRISE3 TRISE2 TRISE1 TRISE0 60








Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for ECCP2 when CCP2MX Configuration bit is cleared (all devices in Microcontroller mode).
2: Implemented on 80-pin devices only.
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11.6 PORTF, LATF and TRISF Registers
PORTF is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISF. Setting a
TRISF bit (= 1) will make the corresponding PORTF pin
an input (i.e., put the corresponding output driver in a
high-impedance mode). Clearing a TRISF bit (= 0) will
make the corresponding PORTF pin an output (i.e., put
the contents of the output latch on the selected pin).
The Data Latch register (LATF) is also memory
mapped. Read-modify-write operations on the LATF
register read and write the latched output value for
PORTF. 
All pins on PORTF are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.
PORTF is multiplexed with several analog peripheral
functions, including the A/D converter and comparator
inputs, as well as the comparator outputs. Pins RF1
through RF2 may be used as comparator inputs or
outputs by setting the appropriate bits in the CMCON
register. To use RF<6:0:> as digital inputs, it is
necessary to turn off the A/D inputs.
 
EXAMPLE 11-6: INITIALIZING PORTF 
Note 1: On a Power-on Reset, the RF<6:0> pins
are configured as analog inputs and read
as ‘0’.
2: To configure PORTF as digital I/O, set the
ADCON1 register.
CLRF PORTF ; Initialize PORTF by
; clearing output
; data latches
CLRF LATF ; Alternate method
; to clear output
; data latches
MOVLW 0x0F ; 
MOVWF ADCON1 ; Set PORTF as digital I/O
MOVLW 0xCF ; Value used to
; initialize data 
; direction 
MOVWF TRISF ; Set RF3:RF0 as inputs
; RF5:RF4 as outputs 
; RF7:RF6 as inputs
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TABLE 11-11: PORTF FUNCTIONS    








RF0/AN5 RF0 0 O DIG LATF<0> data output; not affected by analog input.
1 I ST PORTF<0> data input; disabled when analog input enabled.
AN5 1 I ANA A/D input channel 5. Default configuration on POR.
RF1/AN6/C2OUT RF1 0 O DIG LATF<1> data output; not affected by analog input.
1 I ST PORTF<1> data input; disabled when analog input enabled.
AN6 1 I ANA A/D input channel 6. Default configuration on POR.
C2OUT 0 O DIG Comparator 2 output; takes priority over port data. 
RF2/AN7/C1OUT RF2 0 O DIG LATF<2> data output; not affected by analog input. 
1 I ST PORTF<2> data input; disabled when analog input enabled.
AN7 1 I ANA A/D input channel 7. Default configuration on POR.
C1OUT 0 O TTL Comparator 1 output; takes priority over port data. 
RF3/AN8 RF3 0 O DIG LATF<3> data output; not affected by analog input. 
1 I ST PORTF<3> data input; disabled when analog input enabled.
AN8 1 I ANA A/D input channel 8 and Comparator C2+ input. Default input 
configuration on POR; not affected by analog output.
RF4/AN9 RF4 0 O DIG LATF<4> data output; not affected by analog input.
1 I ST PORTF<4> data input; disabled when analog input enabled.
AN9 1 I ANA A/D input channel 9 and Comparator C2- input. Default input 
configuration on POR; does not affect digital output.
RF5/AN10/CVREF RF5 0 O DIG LATF<5> data output; not affected by analog input. Disabled when 
CVREF output enabled. 
1 I ST PORTF<5> data input; disabled when analog input enabled. Disabled 
when CVREF output enabled.
AN10 1 I ANA A/D input channel 10 and Comparator C1+ input. Default input 
configuration on POR; not affected by analog output.
CVREF x O ANA Comparator voltage reference output. Enabling this feature disables 
digital I/O.
RF6/AN11 RF6 0 O DIG LATF<6> data output; not affected by analog input.
1 I ST PORTF<6> data input; disabled when analog input enabled.
AN11 1 I ANA A/D input channel 11 and Comparator C1- input. Default input 
configuration on POR; does not affect digital output.
RF7/SS1 RF7 0 O DIG LATF<7> data output.
1 I ST PORTF<7> data input.
SS1 1 I TTL Slave select input for SSP (MSSP1 module).
Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).




TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISF0 60
PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RF0 60
LATF LATF7 LATF6 LATF5 LATF4 LATF3 LATF2 LATF1 LATF0 60
ADCON1 — — VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0 59
CMCON C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0 59
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTF.
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11.7 PORTG, TRISG and 
LATG Registers
PORTG is a 6-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISG. Setting a
TRISG bit (= 1) will make the corresponding PORTG
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISG bit (= 0)
will make the corresponding PORTG pin an output
(i.e., put the contents of the output latch on the
selected pin).
The Data Latch register (LATG) is also memory
mapped. Read-modify-write operations on the LATG
register, read and write the latched output value for
PORTG. 
PORTG is multiplexed with EUSART and CCP
functions (Table 11-13). PORTG pins have Schmitt
Trigger input buffers.
When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTG pin. Some
peripherals override the TRIS bit to make a pin an
output, while other peripherals override the TRIS bit to
make a pin an input. The user should refer to the
corresponding peripheral section for the correct TRIS
bit settings. The pin override value is not loaded into
the TRIS register. This allows read-modify-write of the
TRIS register without concern due to peripheral
overrides.
The sixth pin of PORTG (RG5/MCLR/VPP) is an input
only pin. Its operation is controlled by the MCLRE
Configuration bit. When selected as a port pin
(MCLRE = 0), it functions as a digital input only pin; as
such, it does not have TRIS or LAT bits associated with
its operation. Otherwise, it functions as the device’s
Master Clear input. In either configuration, RG5 also
functions as the programming voltage input during
programming.
EXAMPLE 11-7: INITIALIZING PORTG      
Note: On a Power-on Reset, RG5 is enabled as
a digital input only if Master Clear
functionality is disabled. All other 5 pins
are configured as digital inputs.
CLRF PORTG ;  Initialize PORTG by
; clearing output
; data latches
CLRF LATG ; Alternate method
; to clear output
; data latches
MOVLW 0x04 ;  Value used to 
; initialize data                   
; direction
MOVWF TRISG ;  Set RG1:RG0 as outputs
; RG2 as input
;  RG4:RG3 as inputs
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RG0/ECCP3/P3A RG0 0 O DIG LATG<0> data output.
1 I ST PORTG<0> data input.
ECCP3 0 O DIG ECCP3 compare and ECCP3 PWM output. Takes priority over 
port data.
1 I ST ECCP3 capture input.
P3A 0 O DIG ECCP3 Enhanced PWM output, channel B. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data. 
RG1/TX2/CK2 RG1 0 O DIG LATG<1> data output.
1 I ST PORTG<1> data input.
TX2 0 O DIG Asynchronous serial transmit data output (EUSART2 module). Takes 
priority over port data.
CK2 0 O DIG Synchronous serial clock output (EUSART2 module). Takes priority 
over port data.
1 I ST Synchronous serial clock input (EUSART2 module).
RG2/RX2/DT2 RG2 0 O DIG LATG<2> data output.
1 I ST PORTG<2> data input.
RX2 1 I ST Asynchronous serial receive data input (EUSART2 module).
DT2 1 O DIG Synchronous serial data output (EUSART2 module). Takes priority 
over port data. User must configure as an input.
1 I ST Synchronous serial data input (EUSART2 module). User must 
configure as an input.
RG3/CCP4/P3D RG3 0 O DIG LATG<3> data output.
1 I ST PORTG<3> data input.
CCP4 0 O DIG CCP4 compare and PWM output; takes priority over port data and 
P3D function.
1 I ST CCP4 capture input.
P3D 0 O DIG ECCP3 Enhanced PWM output, channel D. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data. 
RG4/CCP5/P1D RG4 0 O DIG LATG<4> data output.
1 I ST PORTG<4> data input.
CCP5 0 O DIG CCP5 compare and PWM output. Takes priority over port data and 
P1D function.
1 I ST CCP5 capture input.
P1D 0 O DIG ECCP1 Enhanced PWM output, channel B. May be configured for 
tri-state during Enhanced PWM shutdown events. Takes priority over 
port data. 
RG5/MCLR/VPP RG5 —(1) I ST PORTG<5> data input; enabled when MCLRE Configuration bit 
is clear. 
MCLR — I ST External Master Clear input; enabled when MCLRE Configuration 
bit is set.
VPP — I ANA High-voltage detection; used for ICSP™ mode entry detection. 
Always available regardless of pin mode.
Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: RG5 does not have a corresponding TRISG bit.
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TABLE 11-14: SUMMARY OF REGISTERS ASSOCIATED WITH PORTG       




PORTG — — RG5(1) RG4 RG3 RG2 RG1 RG0 60
LATG — — LATG5(1) LATG4 LATG3 LATG2 LATG1 LATG0 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 60
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTG.
Note 1: RG5 and LATG5 are only available when MCLR is disabled (MCLRE Configuration bit = 0; otherwise, RG5 
and LATG5 read as ‘0’.
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11.8 PORTH, LATH and 
TRISH Registers
PORTH is an 8-bit wide, bidirectional I/O port. The
corresponding Data Direction register is TRISH. Set-
ting a TRISH bit (= 1) will make the corresponding
PORTH pin an input (i.e., put the corresponding output
driver in a high-impedance mode). Clearing a TRISH
bit (= 0) will make the corresponding PORTH pin an
output (i.e., put the contents of the output latch on the
selected pin).
The Data Latch register (LATH) is also memory
mapped. Read-modify-write operations on the LATH
register, read and write the latched output value for
PORTH.
All pins on PORTH are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.
When the external memory interface is enabled, four of
the PORTH pins function as the high-order address
lines for the interface. The address output from the
interface takes priority over other digital I/O. The
corresponding TRISH bits are also overridden.
EXAMPLE 11-8: INITIALIZING PORTH
Note: PORTH is available only on
PIC18F8527/8622/8627/8722 devices.
Note: On a Power-on Reset, these pins are
configured as digital inputs.
CLRF PORTH ; Initialize PORTH by 
; clearing output 
; data latches 
CLRF LATH ; Alternate method 
; to clear output 
; data latches 
MOVLW 0CFh ; Value used to 
; initialize data 
; direction 
MOVWF TRISH ; Set RH3:RH0 as inputs
; RH5:RH4 as outputs 
; RH7:RH6 as inputs 
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TABLE 11-15: PORTH FUNCTIONS 








RH0/A16 RH0 0 O DIG LATH<0> data output.
1 I ST PORTH<0> data input.
A16 x O DIG External memory interface, address line 16. Takes priority over port data.
RH1/A17 RH1 0 O DIG LATH<1> data output.
1 I ST PORTH<1> data input.
A17 x O DIG External memory interface, address line 17. Takes priority over port data.
RH2/A18 RH2 0 O DIG LATH<2> data output.
1 I ST PORTH<2> data input.
A18 x O DIG External memory interface, address line 18. Takes priority over port data.
RH3/A19 RH3 0 O DIG LATH<3> data output.
1 I ST PORTH<3> data input.
A19 x O DIG External memory interface, address line 19. Takes priority over port data.
RH4/AN12/
P3C
RH4 0 O DIG LATH<4> data output.
1 I ST PORTH<4> data input.
AN12 1 I ANA A/D input channel 12. Default configuration on POR.
P3C(1) 0 O DIG ECCP3 Enhanced PWM output, channel C. May be configured for tri-state 
during Enhanced PWM shutdown events. Takes priority over port data. 
RH5/AN13/
P3B
RH5 0 O DIG LATH<5> data output.
1 I ST PORTH<5> data input.
AN13 1 I ANA A/D input channel 13. Default configuration on POR.
P3B(1) 0 O DIG ECCP3 Enhanced PWM output, channel B. May be configured for tri-state 
during Enhanced PWM shutdown events. Takes priority over port data. 
RH6/AN14/
P1C
RH6 0 O DIG LATH<6> data output.
1 I ST PORTH<6> data input.
AN14 1 I ANA A/D input channel 14. Default configuration on POR.
P1C(1) 0 O DIG ECCP1 Enhanced PWM output, channel C. May be configured for tri-state 
during Enhanced PWM shutdown events. Takes priority over port data. 
RH7/AN15/
P1B
RH7 0 O DIG LATH<7> data output.
1 I ST PORTH<7> data input.
AN15 1 I ANA A/D input channel 15. Default configuration on POR.
P1B(1) 0 O DIG ECCP1 Enhanced PWM output, channel B. May be configured for tri-state 
during Enhanced PWM shutdown events. Takes priority over port data. 
Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for P1B/P1C/P3B/P3C (ECCPMX is clear).




TRISH TRISH7 TRISH6 TRISH5 TRISH4 TRISH3 TRISH2 TRISH1 TRISH0 60
PORTH RH7 RH6 RH5 RH4 RH3 RH2 RH1 RH0 60
LATH LATH7 LATH6 LATH5 LATH4 LATH3 LATH2 LATH1 LATH0 60
ADCON1 — — VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0 59
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11.9 PORTJ, TRISJ and 
LATJ Registers
PORTJ is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISJ. Setting a
TRISJ bit (= 1) will make the corresponding PORTJ pin
an input (i.e., put the corresponding output driver in a
high-impedance mode). Clearing a TRISJ bit (= 0) will
make the corresponding PORTJ pin an output (i.e., put
the contents of the output latch on the selected pin).
The Data Latch register (LATJ) is also memory
mapped. Read-modify-write operations on the LATJ
register, read and write the latched output value for
PORTJ. 
All pins on PORTJ are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output. 
When the external memory interface is enabled, all of
the PORTJ pins function as control outputs for the
interface. This occurs automatically when the interface
is enabled by clearing the EBDIS control bit
(MEMCON<7>). The TRISJ bits are also overridden.
EXAMPLE 11-9: INITIALIZING PORTJ      
Note: PORTJ is available only on
PIC18F8527/8622/8627/8722 devices.
Note: On a Power-on Reset, these pins are
configured as digital inputs.
CLRF   PORTJ ;  Initialize PORTJ by
; clearing output
; data latches
CLRF   LATJ ; Alternate method
; to clear output
; data latches
MOVLW  0xCF ;  Value used to 
; initialize data                   
; direction
MOVWF  TRISJ ;  Set RJ3:RJ0 as inputs
; RJ5:RJ4 as output
;  RJ7:RJ6 as inputs
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TABLE 11-17: PORTJ FUNCTIONS  








RJ0/ALE RJ0 0 O DIG LATJ<0> data output.
1 I ST PORTJ<0> data input.
ALE x O DIG External memory interface address latch enable control output. Takes 
priority over digital I/O.
RJ1/OE RJ1 0 O DIG LATJ<1> data output.
1 I ST PORTJ<1> data input.
OE x O DIG External memory interface output enable control output. Takes priority 
over digital I/O.
RJ2/WRL RJ2 0 O DIG LATJ<2> data output.
1 I ST PORTJ<2> data input.
WRL x O DIG External Memory Bus write low byte control. Takes priority over 
digital I/O.
RJ3/WRH RJ3 0 O DIG LATJ<3> data output.
1 I ST PORTJ<3> data input.
WRH x O DIG External memory interface write high byte control output. Takes priority 
over digital I/O.
RJ4/BA0 RJ4 0 O DIG LATJ<4> data output.
1 I ST PORTJ<4> data input.
BA0 x O DIG External memory interface byte address 0 control output. Takes 
priority over digital I/O.
RJ5/CE RJ5 0 O DIG LATJ<5> data output.
1 I ST PORTJ<5> data input.
CE x O DIG External memory interface chip enable control output. Takes priority 
over digital I/O.
RJ6/LB RJ6 0 O DIG LATJ<6> data output.
1 I ST PORTJ<6> data input.
LB x O DIG External memory interface lower byte enable control output. Takes 
priority over digital I/O.
RJ7/UB RJ7 0 O DIG LATJ<7> data output.
1 I ST PORTJ<7> data input.
UB x O DIG External memory interface upper byte enable control output. Takes 
priority over digital I/O.
Legend: PWR = Power Supply, O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, 
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).




PORTJ RJ7 RJ6 RJ5 RJ4 RJ3 RJ2 RJ1 RJ0 60
LATJ LATJ7 LATJ6 LATJ5 LATJ4 LATJ3 LATJ2 LATJ1 LATJ0 60
TRISJ TRISJ7 TRISJ6 TRISJ5 TRISJ4 TRISJ3 TRISJ2 TRISJ1 TRISJ0 60
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11.10 Parallel Slave Port
PORTD can also function as an 8-bit wide Parallel
Slave Port, or microprocessor port, when control bit
PSPMODE (PSPCON<4>) is set. It is asynchronously
readable and writable by the external world through the
RD and WR control input pins.
The PSP can directly interface to an 8-bit micro-
processor data bus. The external microprocessor can
read or write the PORTD latch as an 8-bit latch. Setting
bit PSPMODE enables port pin RE0/RD to be the RD
input, RE1/WR to be the WR input and RE2/CS to be
the CS (Chip Select) input. For this functionality, the
corresponding data direction bits of the TRISE register
(TRISE<2:0>) must be configured as inputs (set).
A write to the PSP occurs when both the CS and WR
lines are first detected low and ends when either are
detected high. The PSPIF and IBF flag bits are both set
when the write ends.
A read from the PSP occurs when both the CS and RD
lines are first detected low. The data in PORTD is read
out and the OBF bit is set. If the user writes new data
to PORTD to set OBF, the data is immediately read out;
however, the OBF bit is not set. 
When either the CS or RD lines are detected high, the
PORTD pins return to the input state and the PSPIF bit
is set. User applications should wait for PSPIF to be set
before servicing the PSP; when this happens, the IBF
and OBF bits can be polled and the appropriate action
taken.
The timing for the control signals in Write and Read
modes is shown in Figure 11-3 and Figure 11-4,
respectively.
FIGURE 11-2: PORTD AND PORTE 
BLOCK DIAGRAM 
(PARALLEL SLAVE PORT) 
Note: For PIC18F8527/8622/8627/8722 devices,
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REGISTER 11-1: PSPCON: PARALLEL SLAVE PORT CONTROL REGISTER
R-0 R-0 R/W-0 R/W-0 U-0 U-0 U-0 U-0
IBF OBF IBOV PSPMODE — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IBF: Input Buffer Full Status bit
1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received
bit 6 OBF: Output Buffer Full Status bit
1 = The output buffer still holds a previously written word
0 = The output buffer has been read
bit 5 IBOV: Input Buffer Overflow Detect bit
1 = A write occurred when a previously input word has not been read (must be cleared in software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit
1 = Parallel Slave Port mode
0 = General Purpose I/O mode
bit 3-0 Unimplemented: Read as ‘0’
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FIGURE 11-3: PARALLEL SLAVE PORT WRITE WAVEFORMS         
FIGURE 11-4: PARALLEL SLAVE PORT READ WAVEFORMS         
TABLE 11-19: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT         




PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0 60
LATD LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATD0 60
TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISD0 60
PORTE RE7 RE6 RE5 RE4 RE3 RE2 RE1 RE0 60
LATE LATE7 LATE6 LATE5 LATE4 LATE3 LATE2 LATE1 LATE0 60
TRISE TRISE7 TRISE6 TRISE5 TRISE4 TRISE3 TRISE2 TRISE1 TRISE0 60
PSPCON IBF OBF IBOV PSPMODE — — — — 59
INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
Q1 Q2 Q3 Q4
CS







Q1 Q2 Q3 Q4
CS
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12.0 TIMER0 MODULE
The Timer0 module incorporates the following features:
• Software selectable operation as a timer or 
counter in both 8-bit or 16-bit modes
• Readable and writable registers
• Dedicated 8-bit, software programmable 
prescaler
• Selectable clock source (internal or external)
• Edge select for external clock
• Interrupt-on-overflow
The T0CON register (Register 12-1) controls all
aspects of the module’s operation, including the
prescale selection. It is both readable and writable. 
A simplified block diagram of the Timer0 module in 8-bit
mode is shown in Figure 12-1. Figure 12-2 shows a
simplified block diagram of the Timer0 module in 16-bit
mode.
REGISTER 12-1: T0CON: TIMER0 CONTROL REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TMR0ON T08BIT T0CS T0SE PSA T0PS2 T0PS1 T0PS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMR0ON: Timer0 On/Off Control bit 
1 = Enables Timer0 
0 = Stops Timer0 
bit 6 T08BIT: Timer0 8-bit/16-bit Control bit 
1 = Timer0 is configured as an 8-bit timer/counter 
0 = Timer0 is configured as a 16-bit timer/counter 
bit 5 T0CS: Timer0 Clock Source Select bit 
1 = Transition on T0CKI pin 
0 = Internal instruction cycle clock (CLKO)
bit 4 T0SE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on T0CKI pin 
0 = Increment on low-to-high transition on T0CKI pin
bit 3 PSA: Timer0 Prescaler Assignment bit 
1 = TImer0 prescaler is NOT assigned. Timer0 clock input bypasses prescaler. 
0 = Timer0 prescaler is assigned. Timer0 clock input comes from prescaler output.
bit 2-0 T0PS<2:0>: Timer0 Prescaler Select bits    
111 = 1:256 Prescale value
110 = 1:128 Prescale value
101 = 1:64   Prescale value
100 = 1:32   Prescale value
011 = 1:16   Prescale value
010 = 1:8     Prescale value
001 = 1:4     Prescale value
000 = 1:2     Prescale value
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12.1 Timer0 Operation
Timer0 can operate as either a timer or a counter; the
mode is selected with the T0CS bit (T0CON<5>). In
Timer mode (T0CS = 0), the module increments on
every clock by default unless a different prescaler value
is selected (see Section 12.3 “Prescaler”). If the
TMR0 register is written to, the increment is inhibited
for the following two instruction cycles. The user can
work around this by writing an adjusted value to the
TMR0 register.
The Counter mode is selected by setting the T0CS bit
(= 1). In this mode, Timer0 increments either on every
rising or falling edge of pin RA4/T0CKI. The increment-
ing edge is determined by the Timer0 Source Edge
Select bit, T0SE (T0CON<4>); clearing this bit selects
the rising edge. Restrictions on the external clock input
are discussed below.
An external clock source can be used to drive Timer0;
however, it must meet certain requirements to ensure
that the external clock can be synchronized with the
internal phase clock (TOSC). There is a delay between
synchronization and the onset of incrementing the
timer/counter.
12.2 Timer0 Reads and Writes in 
16-bit Mode
TMR0H is not the actual high byte of Timer0 in 16-bit
mode; it is actually a buffered version of the real high
byte of Timer0 which is not directly readable nor writ-
able (refer to Figure 12-2). TMR0H is updated with the
contents of the high byte of Timer0 during a read of
TMR0L. This provides the ability to read all 16 bits of
Timer0 without having to verify that the read of the high
and low byte were valid, due to a rollover between
successive reads of the high and low byte. 
Similarly, a write to the high byte of Timer0 must also
take place through the TMR0H Buffer register. The high
byte is updated with the contents of TMR0H when a
write occurs to TMR0L. This allows all 16 bits of Timer0
to be updated at once.
FIGURE 12-1: TIMER0 BLOCK DIAGRAM (8-BIT MODE)    
FIGURE 12-2: TIMER0 BLOCK DIAGRAM (16-BIT MODE)    
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12.3 Prescaler
An 8-bit counter is available as a prescaler for the Timer0
module. The prescaler is not directly readable or writable;
its value is set by the PSA and T0PS<2:0> bits
(T0CON<3:0>) which determine the prescaler
assignment and prescale ratio.
Clearing the PSA bit assigns the prescaler to the
Timer0 module. When it is assigned, prescale values
from 1:2 through 1:256 in power-of-2 increments are
selectable. 
When assigned to the Timer0 module, all instructions
writing to the TMR0 register (e.g., CLRF TMR0, MOVWF
TMR0, BSF TMR0, etc.) clear the prescaler count.    
12.3.1 SWITCHING PRESCALER 
ASSIGNMENT
The prescaler assignment is fully under software
control and can be changed “on-the-fly” during program
execution. 
12.4 Timer0 Interrupt
The TMR0 interrupt is generated when the TMR0
register overflows from FFh to 00h in 8-bit mode, or
from FFFFh to 0000h in 16-bit mode. This overflow sets
the TMR0IF flag bit. The interrupt can be masked by
clearing the TMR0IE bit (INTCON<5>). Before re-
enabling the interrupt, the TMR0IF bit must be cleared
in software by the Interrupt Service Routine.
Since Timer0 is shut down in Sleep mode, the TMR0
interrupt cannot awaken the processor from Sleep. 
TABLE 12-1: REGISTERS ASSOCIATED WITH TIMER0 
Note: Writing to TMR0 when the prescaler is
assigned to Timer0 will clear the prescaler
count, but will not change the prescaler
assignment.




TMR0L Timer0 Register Low Byte 58
TMR0H Timer0 Register High Byte 58
INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
T0CON TMR0ON T08BIT T0CS T0SE PSA T0PS2 T0PS1 T0PS0 58
TRISA TRISA7(1) TRISA6(1) TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 60
Legend: Shaded cells are not used by Timer0.
Note 1: PORTA<7:6> and their direction bits are individually configured as port pins based on various primary 
oscillator modes. When disabled, these bits read as ‘0’.
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13.0 TIMER1 MODULE
The Timer1 timer/counter module incorporates these
features:
• Software selectable operation as a 16-bit timer or 
counter
• Readable and writable 8-bit registers (TMR1H 
and TMR1L)
• Selectable clock source (internal or external) with 
device clock or Timer1 oscillator internal options
• Interrupt-on-overflow
• Reset on CCP Special Event Trigger
• Device clock status flag (T1RUN)
A simplified block diagram of the Timer1 module is
shown in Figure 13-1. A block diagram of the module’s
operation in Read/Write mode is shown in Figure 13-2.
The module incorporates its own low-power oscillator
to provide an additional clocking option. The Timer1
oscillator can also be used as a low-power clock source
for the microcontroller in power-managed operation.
Timer1 can also be used to provide Real-Time Clock
(RTC) functionality to applications with only a minimal
addition of external components and code overhead.
Timer1 is controlled through the T1CON Control
register (Register 13-1). It also contains the Timer1
Oscillator Enable bit (T1OSCEN). Timer1 can be
enabled or disabled by setting or clearing control bit,
TMR1ON (T1CON<0>). 
REGISTER 13-1: T1CON: TIMER1 CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 T1RUN T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 RD16: 16-Bit Read/Write Mode Enable bit
1 = Enables register read/write of Timer1 in one 16-bit operation
0 = Enables register read/write of Timer1 in two 8-bit operations
bit 6 T1RUN: Timer1 System Clock Status bit
1 = Device clock is derived from Timer1 oscillator
0 = Device clock is derived from another source
bit 5-4 T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits
11 = 1:8 Prescale value 
10 = 1:4 Prescale value 
01 = 1:2 Prescale value 
00 = 1:1 Prescale value
bit 3 T1OSCEN: Timer1 Oscillator Enable bit
1 = Timer1 oscillator is enabled 
0 = Timer1 oscillator is shut off 
The oscillator inverter and feedback resistor are turned off to eliminate power drain.
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Select bit
When TMR1CS = 1: 
1 = Do not synchronize external clock input 
0 = Synchronize external clock input
When TMR1CS = 0: 
This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from pin RC0/T1OSO/T13CKI (on the rising edge) 
0 = Internal clock (FOSC/4)
bit 0 TMR1ON: Timer1 On bit
1 = Enables Timer1 
0 = Stops Timer1
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13.1 Timer1 Operation




The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>). When TMR1CS is cleared
(= 0), Timer1 increments on every internal instruction
cycle (FOSC/4). When the bit is set, Timer1 increments
on every rising edge of the Timer1 external clock input
or the Timer1 oscillator, if enabled.
When Timer1 is enabled, the RC1/T1OSI and RC0/
T1OSO/T13CKI pins become inputs. This means the
values of TRISC<1:0> are ignored and the pins are
read as ‘0’.
FIGURE 13-1: TIMER1 BLOCK DIAGRAM                  
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13.2 Timer1 16-bit Read/Write Mode
Timer1 can be configured for 16-bit reads and writes
(see Figure 13-2). When the RD16 control bit
(T1CON<7>) is set, the address for TMR1H is mapped
to a buffer register for the high byte of Timer1. A read
from TMR1L will load the contents of the high byte of
Timer1 into the Timer1 high byte buffer. This provides
the user with the ability to accurately read all 16 bits of
Timer1 without having to determine whether a read of
the high byte, followed by a read of the low byte, has
become invalid due to a rollover between reads.
A write to the high byte of Timer1 must also take place
through the TMR1H Buffer register. The Timer1 high
byte is updated with the contents of TMR1H when a
write occurs to TMR1L. This allows a user to write all
16 bits to both the high and low bytes of Timer1 at once.
The high byte of Timer1 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer1 High Byte Buffer register.
Writes to TMR1H do not clear the Timer1 prescaler.
The prescaler is only cleared on writes to TMR1L.
13.3 Timer1 Oscillator
An on-chip crystal oscillator circuit is incorporated
between pins T1OSI (input) and T1OSO (amplifier out-
put). It is enabled by setting the Timer1 Oscillator Enable
bit, T1OSCEN (T1CON<3>). The oscillator is a low-
power circuit rated for 32 kHz crystals. It will continue to
run during all power-managed modes. The circuit for a
typical LP oscillator is shown in Figure 13-3. Table 13-1
shows the capacitor selection for the Timer1 oscillator. 
The user must provide a software time delay to ensure
proper start-up of the Timer1 oscillator.
FIGURE 13-3: EXTERNAL 
COMPONENTS FOR THE 
TIMER1 LP OSCILLATOR   
TABLE 13-1: CAPACITOR SELECTION FOR 
THE TIMER OSCILLATOR(2,3,4)   
13.3.1 USING TIMER1 AS A 
CLOCK SOURCE
The Timer1 oscillator is also available as a clock source
in power-managed modes. By setting the clock select
bits, SCS<1:0> (OSCCON<1:0>), to ‘01’, the device
switches to SEC_RUN mode; both the CPU and
peripherals are clocked from the Timer1 oscillator. If the
IDLEN bit (OSCCON<7>) is cleared and a SLEEP
instruction is executed, the device enters SEC_IDLE
mode. Additional details are available in Section 3.0
“Power-Managed Modes”.
Whenever the Timer1 oscillator is providing the clock
source, the Timer1 system clock status flag, T1RUN
(T1CON<6>), is set. This can be used to determine the
controller’s current clocking mode. It can also indicate
the clock source being currently used by the Fail-Safe
Clock Monitor. If the Clock Monitor is enabled and the
Timer1 oscillator fails while providing the clock, polling
the T1RUN bit will indicate whether the clock is being
provided by the Timer1 oscillator or another source.
13.3.2 LOW-POWER TIMER1 OPTION 
The Timer1 oscillator can operate at two distinct levels
of power consumption based on device configuration.
When the LPT1OSC Configuration bit is set, the Timer1
oscillator operates in a low-power mode. When
LPT1OSC is not set, Timer1 operates at a higher power
level. Power consumption for a particular mode is rela-
tively constant, regardless of the device’s operating
mode. The default Timer1 configuration is the higher
power mode. 
As the low-power Timer1 mode tends to be more
sensitive to interference, high noise environments may
cause some oscillator instability. The low-power option
is, therefore, best suited for low noise applications
where power conservation is an important design
consideration.
Note: See the Notes with Table 13-1 for additional










Osc Type Freq C1 C2
LP 32 kHz 27 pF(1) 27 pF(1)
Note 1: Microchip suggests these values as a
starting point in validating the oscillator
circuit.
2: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time. 
3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components. 
4: Capacitor values are for design guidance
only.
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13.3.3 TIMER1 OSCILLATOR LAYOUT 
CONSIDERATIONS
The Timer1 oscillator circuit draws very little power
during operation. Due to the low-power nature of the
oscillator, it may also be sensitive to rapidly changing
signals in close proximity.
The oscillator circuit, shown in Figure 13-3, should be
located as close as possible to the microcontroller.
There should be no circuits passing within the oscillator
circuit boundaries other than VSS or VDD. 
If a high-speed circuit must be located near the Timer1
oscillator, a grounded guard ring around the oscillator
circuit may be helpful when used on a single-sided
PCB or in addition to a ground plane.
13.4 Timer1 Interrupt
The TMR1 register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
Timer1 interrupt, if enabled, is generated on overflow,
which is latched in interrupt flag bit, TMR1IF
(PIR1<0>). This interrupt can be enabled or disabled
by setting or clearing the Timer1 Interrupt Enable bit,
TMR1IE (PIE1<0>).
13.5 Resetting Timer1 Using the CCP 
Special Event Trigger
If any of the CCP modules are configured to use Timer1
and generate a Special Event Trigger in Compare mode
(CCPxM<3:0>, this signal will reset Timer1. The trigger
from the ECCP2 module will also start an A/D conver-
sion if the A/D module is enabled (see Section 17.3.4
“Special Event Trigger” for more information). 
The module must be configured as either a timer or a
synchronous counter to take advantage of this feature.
When used this way, the CCPRH:CCPRL register pair
effectively becomes a period register for Timer1. 
If Timer1 is running in Asynchronous Counter mode,
this Reset operation may not work.
In the event that a write to Timer1 coincides with a
Special Event Trigger, the write operation will take
precedence.
13.6 Using Timer1 as a Real-Time Clock
Adding an external LP oscillator to Timer1 (such as the
one described in Section 13.3 “Timer1 Oscillator”
above) gives users the option to include RTC function-
ality to their applications. This is accomplished with an
inexpensive watch crystal to provide an accurate time
base and several lines of application code to calculate
the time. When operating in Sleep mode and using a
battery or supercapacitor as a power source, it can
completely eliminate the need for a separate RTC
device and battery backup.
The application code routine, RTCisr, shown in
Example 13-1, demonstrates a simple method to
increment a counter at one-second intervals using an
Interrupt Service Routine. Incrementing the TMR1
register pair to overflow triggers the interrupt and calls
the routine, which increments the seconds counter by
one; additional counters for minutes and hours are
incremented as the previous counter overflow.
Since the register pair is 16 bits wide, counting up to
overflow the register directly from a 32.768 kHz clock
would take 2 seconds. To force the overflow at the
required one-second intervals, it is necessary to pre-
load it; the simplest method is to set the MSb of TMR1H
with a BSF instruction. Note that the TMR1L register is
never preloaded or altered; doing so may introduce
cumulative error over many cycles.
For this method to be accurate, Timer1 must operate in
Asynchronous mode and the Timer1 overflow interrupt
must be enabled (PIE1<0> = 1), as shown in the
routine, RTCinit. The Timer1 oscillator must also be
enabled and running at all times.
Note: The Special Event Triggers from the CCPx
module will not set the TMR1IF interrupt
flag bit (PIR1<0>). 
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EXAMPLE 13-1: IMPLEMENTING A REAL-TIME CLOCK USING A TIMER1 INTERRUPT SERVICE
TABLE 13-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER        




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
TMR1L Timer1 Register Low Byte 58
TMR1H Timer1 Register High Byte 58
T1CON RD16 T1RUN T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 58
Legend: Shaded cells are not used by the Timer1 module.
RTCinit
MOVLW 80h ; Preload TMR1 register pair
MOVWF TMR1H ; for 1 second overflow
CLRF TMR1L
MOVLW b’00001111’ ; Configure for external clock,
MOVWF T1CON ; Asynchronous operation, external oscillator
CLRF secs ; Initialize timekeeping registers
CLRF mins ; 
MOVLW .12
MOVWF hours
BSF PIE1, TMR1IE ; Enable Timer1 interrupt
RETURN
RTCisr
BSF TMR1H, 7 ; Preload for 1 sec overflow
BCF PIR1, TMR1IF ; Clear interrupt flag
INCF secs, F ; Increment seconds
MOVLW .59 ; 60 seconds elapsed?
CPFSGT secs
RETURN ; No, done
CLRF secs ; Clear seconds
INCF mins, F ; Increment minutes
MOVLW .59 ; 60 minutes elapsed?
CPFSGT mins
RETURN ; No, done
CLRF mins ; clear minutes
INCF hours, F ; Increment hours
MOVLW .23 ; 24 hours elapsed?
CPFSGT hours
RETURN ; No, done
CLRF hours ; Reset hours
RETURN ; Done
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14.0 TIMER2 MODULE
The Timer2 timer module incorporates the following
features:
• 8-bit Timer and Period registers (TMR2 and PR2, 
respectively)
• Readable and writable (both registers) 
• Software programmable prescaler 
(1:1, 1:4 and 1:16)
• Software programmable postscaler 
(1:1 through 1:16)
• Interrupt on TMR2 to PR2 match
• Optional use as the shift clock for the 
MSSPx module 
The module is controlled through the T2CON register
(Register 14-1), which enables or disables the timer
and configures the prescaler and postscaler. Timer2
can be shut off by clearing control bit, TMR2ON
(T2CON<2>), to minimize power consumption. 
A simplified block diagram of the module is shown in
Figure 14-1. 
14.1 Timer2 Operation
In normal operation, TMR2 is incremented from 00h on
each clock (FOSC/4). A 4-bit counter/prescaler on the
clock input gives direct input, divide-by-4 and divide-by-
16 prescale options; these are selected by the prescaler
control bits, T2CKPS<1:0> (T2CON<1:0>). The value of
TMR2 is compared to that of the period register, PR2, on
each clock cycle. When the two values match, the com-
parator generates a match signal as the timer output.
This signal also resets the value of TMR2 to 00h on the
next cycle and drives the output counter/postscaler (see
Section 14.2 “Timer2 Interrupt”).
The TMR2 and PR2 registers are both directly readable
and writable. The TMR2 register is cleared on any
device Reset, while the PR2 register initializes at FFh.
Both the prescaler and postscaler counters are cleared
on the following events: 
• a write to the TMR2 register
• a write to the T2CON register
• any device Reset (Power-on Reset, MCLR Reset, 
Watchdog Timer Reset or Brown-out Reset)
TMR2 is not cleared when T2CON is written.
REGISTER 14-1: T2CON: TIMER2 CONTROL REGISTER
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— T2OUTPS3 T2OUTPS2 T2OUTPS1 T2OUTPS0 TMR2ON T2CKPS1 T2CKPS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-3 T2OUTPS<3:0>: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale 




1111 = 1:16 Postscale
bit 2 TMR2ON: Timer2 On bit
1 = Timer2 is on 
0 = Timer2 is off
bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits
00 = Prescaler is 1 
01 = Prescaler is 4 
1x = Prescaler is 16
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14.2 Timer2 Interrupt
Timer2 also can generate an optional device interrupt.
The Timer2 output signal (TMR2 to PR2 match) pro-
vides the input for the 4-bit output counter/postscaler.
This counter generates the TMR2 match interrupt flag
which is latched in TMR2IF (PIR1<1>). The interrupt is
enabled by setting the TMR2 Match Interrupt Enable
bit, TMR2IE (PIE1<1>).
A range of 16 postscale options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, T2OUTPS<3:0> (T2CON<6:3>).
14.3 Timer2 Output
The unscaled output of TMR2 is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode. 
Timer2 can be optionally used as the shift clock source
for the MSSP module operating in SPI mode. Addi-
tional information is provided in Section 19.0 “Master
Synchronous Serial Port (MSSP) Module”.
FIGURE 14-1: TIMER2 BLOCK DIAGRAM       
TABLE 14-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER      




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
TMR2 Timer2 Register 58
T2CON — T2OUTPS3 T2OUTPS2 T2OUTPS1 T2OUTPS0 TMR2ON T2CKPS1 T2CKPS0 58
PR2 Timer2 Period Register 58




















(to PWM or MSSP) 
Match
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15.0 TIMER3 MODULE
The Timer3 timer/counter module incorporates these
features:
• Software selectable operation as a 16-bit timer or 
counter
• Readable and writable 8-bit registers 
(TMR3H and TMR3L)
• Selectable clock source (internal or external) with 
device clock or Timer1 oscillator internal options
• Interrupt-on-overflow
• Module Reset on CCP Special Event Trigger
A simplified block diagram of the Timer3 module is
shown in Figure 15-1. A block diagram of the module’s
operation in Read/Write mode is shown in Figure 15-2.
The Timer3 module is controlled through the T3CON
register (Register 15-1). It also selects the clock source
options for the CCP modules (see Section 17.1.1
“CCP Modules and Timer Resources” for more
information). 
REGISTER 15-1: T3CON: TIMER3 CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 T3CCP2 T3CKPS1 T3CKPS0 T3CCP1 T3SYNC TMR3CS TMR3ON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 RD16: 16-Bit Read/Write Mode Enable bit
1 = Enables register read/write of Timer3 in one 16-bit operation
0 = Enables register read/write of Timer3 in two 8-bit operations
bit 6, 3 T3CCP<2:1>: Timer3 and Timer1 to CCPx Enable bits
11 = Timer3 and Timer4 are the clock sources for ECCP1, ECCP2, ECCP3, CCP4 and CCP5
10 = Timer3 and Timer4 are the clock sources for ECCP3, CCP4 and CCP5;
Timer1 and Timer2 are the clock sources for ECCP1 and ECCP2
01 = Timer3 and Timer4 are the clock sources for ECCP2, ECCP3, CCP4 and CCP5;
Timer1 and Timer2 are the clock sources for ECCP1
00 = Timer1 and Timer2 are the clock sources for ECCP1, ECCP2, ECCP3, CCP4 and CCP5
bit 5-4 T3CKPS<1:0>: Timer3 Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit 
(Not usable if the device clock comes from Timer1/Timer3.)
When TMR3CS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
When TMR3CS = 0:
This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.
bit 1 TMR3CS: Timer3 Clock Source Select bit
1 = External clock input from Timer1 oscillator or T13CKI (on the rising edge after the first falling edge)
0 = Internal clock (FOSC/4)
bit 0 TMR3ON: Timer3 On bit
1 = Enables Timer3 
0 = Stops Timer3
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15.1 Timer3 Operation




The operating mode is determined by the clock select
bit, TMR3CS (T3CON<1>). When TMR3CS is cleared
(= 0), Timer3 increments on every internal instruction
cycle (FOSC/4). When the bit is set, Timer3 increments
on every rising edge of the Timer1 external clock input
or the Timer1 oscillator, if enabled.
As with Timer1, the RC1/T1OSI and RC0/T1OSO/
T13CKI pins become inputs when the Timer1 oscillator
is enabled. This means the values of TRISC<1:0> are
ignored and the pins are read as ‘0’.
FIGURE 15-1: TIMER3 BLOCK DIAGRAM                  




























Note 1: When enable bit, T1OSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.
On/Off
Timer3
CCPx Special Event Trigger












































CCPx Select from T3CON<6,3>
Clear TMR3
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15.2 Timer3 16-bit Read/Write Mode
Timer3 can be configured for 16-bit reads and writes
(see Figure 15-2). When the RD16 control bit
(T3CON<7>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMR3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer3 without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.
A write to the high byte of Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows a user to write all
16 bits to both the high and low bytes of Timer3 at once.
The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register. 
Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.
15.3 Using the Timer1 Oscillator as the 
Timer3 Clock Source
The Timer1 internal oscillator may be used as the clock
source for Timer3. The Timer1 oscillator is enabled by
setting the T1OSCEN (T1CON<3>) bit. To use it as the
Timer3 clock source, the TMR3CS bit must also be set.
As previously noted, this also configures Timer3 to
increment on every rising edge of the oscillator source.
The Timer1 oscillator is described in Section 13.0
“Timer1 Module”.
15.4 Timer3 Interrupt
The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and overflows to 0000h. The
Timer3 interrupt, if enabled, is generated on overflow
and is latched in interrupt flag bit, TMR3IF (PIR2<1>).
This interrupt can be enabled or disabled by setting or
clearing the Timer3 Interrupt Enable bit, TMR3IE
(PIE2<1>).
15.5 Resetting Timer3 Using the CCP 
Special Event Trigger
If any of the CCP modules are configured to use Timer3
and to generate a Special Event Trigger in Compare
mode (CCPxM<3:0> = 1011), this signal will reset
Timer3. ECCP2 can also start an A/D conversion if the
A/D module is enabled (see Section 17.3.4 “Special
Event Trigger” for more information). 
The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPRxH:CCPRxL register
pair effectively becomes a period register for Timer3.
If Timer3 is running in Asynchronous Counter mode,
the Reset operation may not work. 
In the event that a write to Timer3 coincides with a
Special Event Trigger from a CCP module, the write will
take precedence. 
TABLE 15-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER        
Note: The Special Event Triggers from the CCPx
module will not set the TMR3IF interrupt
flag bit (PIR2<1>). 




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 60
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 60
TMR3L Timer3 Register Low Byte 59
TMR3H Timer3 Register High Byte 59
T1CON RD16 T1RUN T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 58
T3CON RD16 T3CCP2 T3CKPS1 T3CKPS0 T3CCP1 T3SYNC TMR3CS TMR3ON 59
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.
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16.0 TIMER4 MODULE
The Timer4 timer module has the following features:
• 8-bit Timer register (TMR4)
• 8-bit Period register (PR4)
• Readable and writable (both registers)
• Software programmable prescaler (1:1, 1:4, 1:16)
• Software programmable postscaler (1:1 to 1:16)
• Interrupt on TMR4 match of PR4
Timer4 has a control register shown in Register 16-1.
Timer4 can be shut off by clearing control bit, TMR4ON
(T4CON<2>), to minimize power consumption. The
prescaler and postscaler selection of Timer4 are also
controlled by this register. Figure 16-1 is a simplified
block diagram of the Timer4 module. 
16.1 Timer4 Operation
Timer4 can be used as the PWM time base for the
PWM mode of the CCP modules. The TMR4 register is
readable and writable and is cleared on any device
Reset. The input clock (FOSC/4) has a prescale option
of 1:1, 1:4 or 1:16, selected by control bits
T4CKPS<1:0> (T4CON<1:0>). The match output of
TMR4 goes through a 4-bit postscaler (which gives a
1:1 to 1:16 scaling inclusive) to generate a TMR4
interrupt, latched in flag bit, TMR4IF (PIR3<3>).
The prescaler and postscaler counters are cleared
when any of the following occurs: 
• a write to the TMR4 register
• a write to the T4CON register
• any device Reset (Power-on Reset, MCLR Reset, 
Watchdog Timer Reset or Brown-out Reset)
TMR4 is not cleared when T4CON is written.
REGISTER 16-1: T4CON: TIMER4 CONTROL REGISTER
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— T4OUTPS3 T4OUTPS2 T4OUTPS1 T4OUTPS0 TMR4ON T4CKPS1 T4CKPS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-3 T4OUTPS<3:0>: Timer4 Output Postscale Select bits
0000 = 1:1 Postscale 




1111 = 1:16 Postscale
bit 2 TMR4ON: Timer4 On bit
1 = Timer4 is on 
0 = Timer4 is off
bit 1-0 T4CKPS<1:0>: Timer4 Clock Prescale Select bits
00 = Prescaler is 1 
01 = Prescaler is 4 
1x = Prescaler is 16
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16.2 Timer4 Interrupt
The Timer4 module has an 8-bit Period register, PR4,
which is both readable and writable. Timer4 increments
from 00h until it matches PR4 and then resets to 00h on
the next increment cycle. The PR4 register is initialized
to FFh upon Reset.
16.3 Output of TMR4
The output of TMR4 (before the postscaler) is used
only as a PWM time base for the CCP modules. It is not
used as a baud rate clock for the MSSP, as is the
Timer2 output.
FIGURE 16-1: TIMER4 BLOCK DIAGRAM       
TABLE 16-1: REGISTERS ASSOCIATED WITH TIMER4 AS A TIMER/COUNTER      




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CCP5IP CCP4IP CCP3IP 60
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CCP5IF CCP4IF CCP3IF 60
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CCP5IE CCP4IE CCP3IE 60
TMR4 Timer4 Register 61
T4CON — T4OUTPS3 T4OUTPS2 T4OUTPS1 T4OUTPS0 TMR4ON T4CKPS1 T4CKPS0 61
PR4 Timer4 Period Register 61























The PIC18F8722 family of devices all have a total of
five CCP (Capture/Compare/PWM) modules. Two of
these (CCP4 and CCP5) implement standard Capture,
Compare and Pulse-Width Modulation (PWM) modes
and are discussed in this section. The other three
modules (ECCP1, ECCP2, ECCP3) implement
standard Capture and Compare modes, as well as
Enhanced PWM modes. These are discussed in
Section 18.0 “Enhanced Capture/Compare/PWM
(ECCP) Module”.
Each CCP/ECCP module contains a 16-bit register
which can operate as a 16-bit Capture register, a 16-bit
Compare register or a PWM Master/Slave Duty Cycle
register. For the sake of clarity, all CCP module opera-
tions in the following sections are described with
respect to CCP4, but are equally applicable to CCP5. 
Capture and Compare operations described in this chap-
ter apply to all standard and Enhanced CCP modules.
The operations of PWM mode described in Section 17.4
“PWM Mode” apply to CCP4 and CCP5 only.
Note: Throughout this section and Section 18.0
“Enhanced Capture/Compare/PWM
(ECCP) Module”, references to register
and bit names that may be associated with
a specific CCP module are referred to
generically by the use of ‘x’ or ‘y’ in place of
the specific module number. Thus,
“CCPxCON” might refer to the control
register for CCP4 or CCP5, or ECCP1,
ECCP2 or ECCP3. “CCPxCON” is used
throughout these sections to refer to the
module control register, regardless of
whether the CCP module is a standard or
enhanced implementation. 
REGISTER 17-1: CCPxCON: CCPx CONTROL REGISTER (CCP4 AND CCP5 MODULES)
U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — DCxB1 DCxB0 CCPxM3 CCPxM2 CCPxM1 CCPxM0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’






These bits are the two Least Significant bits (bit 1 and bit 0) of the 10-bit PWM duty cycle. The eight
Most Significant bits (DCx<9:2>) of the duty cycle are found in CCPRxL.
bit 3-0 CCPxM<3:0>: CCP Module x Mode Select bits
0000 = Capture/Compare/PWM disabled; resets CCPx module
0001 = Reserved 
0010 = Compare mode, toggle output on match; CCPxIF bit is set
0011 = Reserved 
0100 = Capture mode, every falling edge 
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge 
0111 = Capture mode, every 16th rising edge
1000 = Compare mode, initialize CCPx pin low; on compare match, force CCPx pin high; CCPxIF bit is set
1001 = Compare mode, initialize CCPx pin high; on compare match, force CCPx pin low; CCPxIF bit is set
1010 = Compare mode, generate software interrupt on compare match; CCPxIF bit is set; CCPx pin
reflects I/O state
1011 = Compare mode, trigger special event; CCPxIF bit is set, CCPx pin is unaffected (For the effects
of the trigger, see Section 17.3.4 “Special Event Trigger”.)
11xx = PWM mode
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17.1 CCP Module Configuration
Each Capture/Compare/PWM module is associated
with a control register (generically, CCPxCON) and a
data register (CCPRx). The data register, in turn, is
comprised of two 8-bit registers: CCPRxL (low byte)
and CCPRxH (high byte). All registers are both
readable and writable. 
17.1.1 CCP MODULES AND TIMER 
RESOURCES
The CCP/ECCP modules utilize Timers 1, 2, 3 or 4,
depending on the mode selected. Timer1 and Timer3
are available to modules in Capture or Compare
modes, while Timer2 and Timer4 are available for
modules in PWM mode.
TABLE 17-1: CCP MODE – TIMER 
RESOURCE       
The assignment of a particular timer to a module is
determined by the Timer to CCP enable bits in the
T3CON register (Register 15-1). Depending on the
configuration selected, up to four timers may be active
at once, with modules in the same configuration
(Capture/Compare or PWM) sharing timer resources.
The possible configurations are shown in Figure 17-1.
17.1.2 ECCP2 PIN ASSIGNMENT
The pin assignment for ECCP2 (Capture input,
Compare and PWM output) can change, based on
device configuration. The CCP2MX Configuration bit
determines which pin ECCP2 is multiplexed to. By
default, it is assigned to RC1 (CCP2MX = 1). If the
Configuration bit is cleared, ECCP2 is multiplexed with
RE7 in Microcontroller mode, or RE3 in all other
modes.
Changing the pin assignment of ECCP2 does not auto-
matically change any requirements for configuring the
port pin. Users must always verify that the appropriate
TRIS register is configured correctly for ECCP2
operation regardless of where it is located.
FIGURE 17-1: CCP AND TIMER INTERCONNECT CONFIGURATIONS











































T3CCP<2:1> = 00 T3CCP<2:1> = 01 T3CCP<2:1> = 10 T3CCP<2:1> = 11
Timer1 is used for all Capture
and Compare operations for
all CCP modules. Timer2 is
used for PWM operations for
all CCP modules. Modules
may share either timer
resource as a common time
base.
Timer3 and Timer4 are not
available.
Timer1 and Timer2 are used
for Capture and Compare or
PWM operations for ECCP1
only (depending on selected
mode). 
All other modules use either
Timer3 or Timer4. Modules
may share either timer
resource as a common time
base if they are in Capture/
Compare or PWM modes.
Timer1 and Timer2 are used
for Capture and Compare or
PWM operations for ECCP1
and ECCP2 only (depending
on the mode selected for each
module). Both modules may
use a timer as a common time
base if they are both in
Capture/Compare or PWM
modes.
The other modules use either
Timer3 or Timer4. Modules
may share either timer
resource as a common time
base if they are in Capture/
Compare or PWM modes.
Timer3 is used for all Capture
and Compare operations for
all CCP modules. Timer4 is
used for PWM operations for
all CCP modules. Modules
may share either timer
resource as a common time
base.
Timer1 and Timer2 are not
available.
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17.2 Capture Mode
In Capture mode, the CCPRxH:CCPRxL register pair
captures the 16-bit value of the TMR1 or TMR3
registers when an event occurs on the corresponding
CCPx pin. An event is defined as one of the following:
• every falling edge
• every rising edge
• every 4th rising edge
• every 16th rising edge
The event is selected by the mode select bits,
CCPxM<3:0> (CCPxCON<3:0>). When a capture is
made, the interrupt request flag bit, CCPxIF, is set; it
must be cleared in software. If another capture occurs
before the value in the CCPRx registers is read, the old
captured value is overwritten by the new captured value.
17.2.1 CCPx PIN CONFIGURATION
In Capture mode, the appropriate CCPx pin should be
configured as an input by setting the corresponding
TRIS direction bit.        
17.2.2 TIMER1/TIMER3 MODE SELECTION
The timers that are to be used with the capture feature
(Timer1 and/or Timer3) must be running in Timer mode or
Synchronized Counter mode. In Asynchronous Counter
mode, the capture operation will not work. The timer to be
used with each CCP module is selected in the T3CON
register (see Section 17.1.1 “CCP Modules and Timer
Resources”).
17.2.3 SOFTWARE INTERRUPT
When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPxIE interrupt enable bit clear to avoid false inter-
rupts. The interrupt flag bit, CCPxIF, should also be
cleared following any such change in operating mode.
17.2.4 CCP PRESCALER
There are four prescaler settings in Capture mode; they
are specified as part of the operating mode selected by
the mode select bits (CCPxM<3:0>). Whenever the
CCP module is turned off, or Capture mode is disabled,
the prescaler counter is cleared. This means that any
Reset will clear the prescaler counter.
Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared; therefore, the first capture may be from
a non-zero prescaler. Example 17-1 shows the
recommended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.
EXAMPLE 17-1: CHANGING BETWEEN 
CAPTURE PRESCALERS
(CCP5 SHOWN)
FIGURE 17-2: CAPTURE MODE OPERATION BLOCK DIAGRAM        
Note: If a CCPx pin is configured as an output, a
write to the port can cause a capture
condition. 
CLRF CCP5CON ; Turn CCP module off
MOVLW NEW_CAPT_PS ; Load WREG with the
; new prescaler mode
; value and CCP ON
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17.3 Compare Mode
In Compare mode, the 16-bit value of the CCPRx
registers is constantly compared against either the
TMR1 or TMR3 register pair value. When a match
occurs, the CCPx pin can be:
• driven high
• driven low
• toggled (high-to-low or low-to-high) 
• remain unchanged (that is, reflects the state of the 
I/O latch)
The action on the pin is based on the value of the mode
select bits (CCPxM<3:0>). At the same time, the
interrupt flag bit, CCPxIF, is set.
17.3.1 CCPx PIN CONFIGURATION
The user must configure the CCPx pin as an output by
clearing the appropriate TRIS bit.          
17.3.2 TIMER1/TIMER3 MODE SELECTION
Timer1 and/or Timer3 must be running in Timer mode
or Synchronized Counter mode if the CCP module is
using the compare feature. In Asynchronous Counter
mode, the compare operation may not work.
17.3.3 SOFTWARE INTERRUPT MODE 
When the Generate Software Interrupt mode is chosen
(CCPxM<3:0> = 1010), the corresponding CCPx pin is
not affected. Only a CCP interrupt is generated, if
enabled and the CCPxIE bit is set.
17.3.4 SPECIAL EVENT TRIGGER
All CCP modules are equipped with a Special Event
Trigger. This is an internal hardware signal generated
in Compare mode to trigger actions by other modules.
The Special Event Trigger is enabled by selecting
the Compare Special Event Trigger mode
(CCPxM<3:0> = 1011).
For all CCP modules, the Special Event Trigger resets
the timer register pair for whichever timer resource is
currently assigned as the module’s time base. This
allows the CCPRx registers to serve as a programmable
period register for either timer.
The ECCP2 Special Event Trigger can also start an A/D
conversion. In order to do this, the A/D converter must
already be enabled.
FIGURE 17-3: COMPARE MODE OPERATION BLOCK DIAGRAM        
Note: Clearing the CCPxCON register will force
the compare output latch (depending on
device configuration) to the default low
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TABLE 17-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, TIMER1 AND TIMER3    




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
RCON IPEN SBOREN — RI TO PD POR BOR 56
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 60
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 60
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CCP5IF CCP4IF CCP3IF 60
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CCP5IE CCP4IE CCP3IE 60
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CCP5IP CCP4IP CCP3IP 60
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISE TRISE7 TRISE6 TRISE5 TRISE4 TRISE3 TRISE2 TRISE1 TRISE0 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 60
TRISH(1) TRISH7 TRISH6 TRISH5 TRISH4 TRISH3 TRISH2 TRISH1 TRISH0 60
TMR1L Timer1 Register Low Byte 58
TMR1H Timer1 Register High Byte 58
T1CON RD16 T1RUN T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 58
TMR3H Timer3 Register High Byte 59
TMR3L Timer3 Register Low Byte 59
T3CON RD16 T3CCP2 T3CKPS1 T3CKPS0 T3CCP1 T3SYNC TMR3CS TMR3ON 59
CCPR1L Enhanced Capture/Compare/PWM Register 1 Low Byte 59
CCPR1H Enhanced Capture/Compare/PWM Register 1 High Byte 59
CCP1CON P1M1 P1M0 DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 59
CCPR2L Enhanced Capture/Compare/PWM Register 2 Low Byte 59
CCPR2H Enhanced Capture/Compare/PWM Register 2 High Byte 59
CCP2CON P2M1 P2M0 DC2B1 DC2B0 CCP2M3 CCP2M2 CCP2M1 CCP2M0 59
CCP3CON P3M1 P3M0 DC3B1 DC3B0 CCP3M3 CCP3M2 CCP3M1 CCP3M0 59
CCP4CON — — DC4B1 DC4B0 CCP4M3 CCP4M2 CCP4M1 CCP4M0 61
CCP5CON — — DC5B1 DC5B0 CCP5M3 CCP5M2 CCP5M1 CCP5M0 61
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by Capture/Compare, Timer1 or Timer3.
Note 1: Implemented on 80-pin devices only.
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17.4 PWM Mode
In Pulse-Width Modulation (PWM) mode, the CCPx pin
produces up to a 10-bit resolution PWM output. Since
the CCP4 and CCP5 pins are multiplexed with a
PORTG data latch, the appropriate TRISG bit must be
cleared to make the CCP4 or CCP5 pin an output.      
Figure 17-4 shows a simplified block diagram of the
CCP module in PWM mode.
For a step-by-step procedure on how to set up a CCP
module for PWM operation, see Section 17.4.3
“Setup for PWM Operation”.
FIGURE 17-4: SIMPLIFIED PWM BLOCK 
DIAGRAM        
A PWM output (Figure 17-5) has a time base (period)
and a time that the output stays high (duty cycle).
The frequency of the PWM is the inverse of the
period (1/period).
FIGURE 17-5: PWM OUTPUT       
17.4.1 PWM PERIOD
The PWM period is specified by writing to the PR2
(PR4) register. The PWM period can be calculated
using the following formula:
EQUATION 17-1:
PWM frequency is defined as 1/[PWM period].
When TMR2 (TMR4) is equal to PR2 (PR4), the
following three events occur on the next increment
cycle:
• TMR2 (TMR4) is cleared
• The CCPx pin is set (exception: if PWM duty 
cycle = 0%, the CCPx pin will not be set)
• The PWM duty cycle is latched from CCPRxL into 
CCPRxH          
17.4.2 PWM DUTY CYCLE
The PWM duty cycle is specified by writing to the
CCPRxL register and to the CCPxCON<5:4> bits. Up
to 10-bit resolution is available. The CCPRxL contains
the eight MSbs and the CCPxCON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPRxL:CCPxCON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:
EQUATION 17-2:
CCPRxL and CCPxCON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPRxH until after a match between PR2 (PR4) and
TMR2 (TMR4) occurs (i.e., the period is complete). In
PWM mode, CCPRxH is a read-only register.
Note: Clearing the CCP4CON or CCP5CON
register will force the RG3 or RG4 output
latch (depending on device configuration)
to the default low level. This is not the










Duty Cycle Registers CCPxCON<5:4>
Clear Timer,
CCPx pin and 
latch D.C.
Note 1:The 8-bit TMR2 or TMR4 value is concatenated with the 
2-bit internal Q clock, or 2 bits of the prescaler, to cre-






TMR2 (TMR4) = PR2 (TMR4)
TMR2 (TMR4) = Duty Cycle
TMR2 (TMR4) = PR2 (PR4)
Note: The Timer2 and Timer 4 postscalers (see
Section 14.0 “Timer2 Module” and
Section 16.0 “Timer4 Module”) are not
used in the determination of the PWM
frequency. The postscaler could be used
to have a servo update rate at a different
frequency than the PWM output.
PWM Period  = [(PR2) + 1] • 4 • TOSC •
(TMR2 Prescale Value)
PWM Duty Cycle = (CCPRxL:CCPxCON<5:4>) •
TOSC • (TMR2 Prescale Value)
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The CCPRxH register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.
When the CCPRxH and 2-bit latch match TMR2
(TMR4), concatenated with an internal 2-bit Q clock or
2 bits of the TMR2 (TMR4) prescaler, the CCPx pin is
cleared.
The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:
EQUATION 17-3:    
     
17.4.3 SETUP FOR PWM OPERATION
The following steps should be taken when configuring
the CCP module for PWM operation:
1. Set the PWM period by writing to the PR2 (PR4)
register.
2. Set the PWM duty cycle by writing to the
CCPRxL register and CCPxCON<5:4> bits.
3. Make the CCPx pin an output by clearing the
appropriate TRIS bit.
4. Set the TMR2 (TMR4) prescale value, then
enable Timer2 (Timer4) by writing to T2CON
(T4CON).
5. Configure the CCPx module for PWM operation.
TABLE 17-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz  
Note: If the PWM duty cycle value is longer than





2( )log-----------------------------bits=PWM Resolution (max)
PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz 156.25 kHz 312.50 kHz 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 10 10 10 8 7 6.58
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TABLE 17-4: REGISTERS ASSOCIATED WITH PWM, TIMER2 AND TIMER4     




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
RCON IPEN SBOREN — RI TO PD POR BOR 56
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CCP5IF CCP4IF CCP3IF 60
PIE3 SSP2IE BCL2IF RC2IE TX2IE TMR4IE CCP5IE CCP4IE CCP3IE 60
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CCP5IP CCP4IP CCP3IP 60
TMR2 Timer2 Register 58
PR2 Timer2 Period Register 58
T2CON — T2OUTPS3 T2OUTPS2 T2OUTPS1 T2OUTPS0 TMR2ON T2CKPS1 T2CKPS0 58
TMR4 Timer4 Register 61
PR4 Timer4 Period Register 61
T4CON — T4OUTPS3 T4OUTPS2 T4OUTPS1 T4OUTPS0 TMR4ON T4CKPS1 T4CKPS0 61
CCPR1L Enhanced Capture/Compare/PWM Register 1 Low Byte 59
CCPR1H Enhanced Capture/Compare/PWM Register 1 High Byte 59
CCPR2L Enhanced Capture/Compare/PWM Register 2 Low Byte 59
CCPR2H Enhanced Capture/Compare/PWM Register 2 High Byte 59
CCP4CON — — DC4B1 DC4B0 CCP4M3 CCP4M2 CCP4M1 CCP4M0 61
CCP5CON — — DC5B1 DC5B0 CCP5M3 CCP5M2 CCP5M1 CCP5M0 61
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PWM, Timer2 or Timer4.





In the PIC18F8722 family of devices, ECCP1, ECCP2
and ECCP3 are implemented as a standard CCP
module with Enhanced PWM capabilities. These
include the provision for 2 or 4 output channels, user
selectable polarity, dead-band control and automatic
shutdown and restart. The enhanced features are
discussed in detail in Section 18.4 “Enhanced PWM
Mode”. Capture, Compare and single-output PWM
functions of the ECCP module are the same as
described for the standard CCP module.
The control register for the Enhanced CCP modules is
shown in Register 18-1. It differs from the CCPxCON
registers discussed in Section 17.0 “Capture/
Compare/PWM (CCP) Modules” in that the two Most
Significant bits are implemented to control PWM
functionality. In addition to the expanded range of
modes available through the Enhanced CCPxCON
register, the ECCP modules each have two additional
features associated with Enhanced PWM operation
and auto-shutdown features. They are:
• ECCPxDEL (Dead-Band Delay)
• ECCPxAS (Auto-Shutdown Configuration)
REGISTER 18-1: CCPxCON: ENHANCED CCPx CONTROL REGISTER (ECCP1, ECCP2, ECCP3)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PxM1 PxM0 DCxB1 DCxB0 CCPxM3 CCPxM2 CCPxM1 CCPxM0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 PxM1:PxM0: Enhanced PWM Output Configuration bits
If CCPxM<3:2> = 00, 01, 10:
xx = PxA assigned as Capture/Compare input/output; PxB, PxC, PxD assigned as port pins
If CCPxM<3:2> = 11:
00 = Single output: PxA modulated; PxB, PxC, PxD assigned as port pins
01 = Full-bridge output forward: P1D modulated; P1A active; P1B, P1C inactive
10 = Half-bridge output: P1A, P1B modulated with dead-band control; P1C, P1D assigned as port pins
11 = Full-bridge output reverse: P1B modulated; P1C active; P1A, P1D inactive






These bits are the two LSbs of the 10-bit PWM duty cycle. The eight MSbs of the duty cycle are found
in CCPRxL.
bit 3-0 CCPxM3:CCPxM0: Enhanced CCP Mode Select bits
0000 = Capture/Compare/PWM off (resets ECCPx module)
0001 = Reserved 
0010 = Compare mode: toggle output on match
0011 = Capture mode
0100 = Capture mode: every falling edge 
0101 = Capture mode: every rising edge
0110 = Capture mode: every 4th rising edge 
0111 = Capture mode: every 16th rising edge
1000 = Compare mode: initialize ECCPx pin low; set output on compare match (set CCPxIF)
1001 = Compare mode: initialize ECCPx pin high; clear output on compare match (set CCPxIF)
1010 = Compare mode: generate software interrupt only; ECCPx pin reverts to I/O state
1011 = Compare mode: trigger special event (ECCP resets TMR1 or TMR3, sets CCPxIF bit; ECCP2
trigger starts A/D conversion if A/D module is enabled)
1100 = PWM mode: PxA, PxC active-high; PxB, PxD active-high
1101 = PWM mode: PxA, PxC active-high; PxB, PxD active-low
1110 = PWM mode: PxA, PxC active-low; PxB, PxD active-high
1111 = PWM mode: PxA, PxC active-low; PxB, PxD active-low
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18.1 ECCP Outputs and Configuration 
Each of the Enhanced CCP modules may have up to
four PWM outputs, depending on the selected
operating mode. These outputs, designated PxA
through PxD, are multiplexed with various I/O pins.
Some ECCPx pin assignments are constant, while
others change based on device configuration. For
those pins that do change, the controlling bits are:
• CCP2MX Configuration bit (CONFIG3H<0>)
• ECCPMX Configuration bit (CONFIG3H<1>)
• Program Memory mode (set by Configuration bits, 
CONFIG3L<1:0>)
The pin assignments for the Enhanced CCP modules
are summarized in Table 18-1, Table 18-2 and
Table 18-3. To configure the I/O pins as PWM outputs,
the proper PWM mode must be selected by setting the
PxMx and CCPxMx bits (CCPxCON<7:6> and <3:0>,
respectively). The appropriate TRIS direction bits for
the corresponding port pins must also be set as
outputs. 
18.1.1 USE OF CCP4 AND CCP5 WITH 
ECCP1 AND ECCP3
Only the ECCP2 module has four dedicated output pins
available for use. Assuming that the I/O ports or other
multiplexed functions on those pins are not needed,
they may be used whenever needed without interfering
with any other CCP module. 
ECCP1 and ECCP3, on the other hand, only have
three dedicated output pins: ECCPx/P3A, PxB and
PxC. Whenever these modules are configured for
Quad PWM mode, the pin used for CCP4 or CCP5
takes priority over the D output pins for ECCP3 and
ECCP1, respectively.
18.1.2 ECCP MODULE OUTPUTS, 
PROGRAM MEMORY MODES AND 
EMB ADDRESS BUS WIDTH
For PIC18F8527/8622/8627/8722 devices, the
program memory mode of the device (Section 7.2
“Address and Data Width” and Section 7.4 “Pro-
gram Memory Modes and the External Memory
Bus”) impacts both pin multiplexing and the operation
of the module.
The ECCP2 input/output (ECCP2/P2A) can be multi-
plexed to one of three pins. By default, this is RC1 for
all devices; in this case, the default is in effect when
CCP2MX is set and the device is operating in Micro-
controller mode. With PIC18F8527/8622/8627/8722
devices, three other options exist. When CCP2MX is
not set (= 0) and the device is in Microcontroller mode,
ECCP2/P2A is multiplexed to RE7; in all other program
memory modes, it is multiplexed to RB3.
Another option is for ECCPMX to be set while the
device is operating in one of the three other program
memory modes. In this case, ECCP1 and ECCP3 oper-
ate as compatible (i.e., single output) CCP modules.
The pins used by their other outputs (PxB through PxD)
are available for other multiplexed functions. ECCP2
continues to operate as an Enhanced CCP module
regardless of the program memory mode.
The final option is that the ABW<1:0> Configuration
bits can be used to select 8, 12, 16 or 20-bit EMB
addressing. Pins not assigned to EMB address pins are
available for peripheral or port functions.
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RC2 RE6 RE5 RG4 RH7 RH6
PIC18F6527/6622/6627/6722 Devices:
Compatible CCP 00xx 11xx ECCP1 RE6 RE5 RG4/CCP5 N/A N/A
Dual PWM 10xx 11xx P1A P1B RE5 RG4/CCP5 N/A N/A
Quad PWM x1xx 11xx P1A P1B P1C CCP5/P1D(1) N/A N/A
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 1, Microcontroller mode:
Compatible CCP 00xx 11xx ECCP1 RE6 RE5 RG4/CCP5 RH7/AN15 RH6/AN14
Dual PWM 10xx 11xx P1A P1B RE5 RG4/CCP5 RH7/AN15 RH6/AN14
Quad PWM x1xx 11xx P1A P1B P1C CCP5/P1D(1) RH7/AN15 RH6/AN14
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 0, Microcontroller mode:
Compatible CCP 00xx 11xx ECCP1 RE6 RE5 RG4/CCP5 RH7/AN15 RH6/AN14
Dual PWM 10xx 11xx P1A RE6 RE5 RG4/CCP5 P1B RH6/AN14
Quad PWM x1xx 11xx P1A RE6 RE5 CCP5/P1D(1) P1B P1C
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 1, all other Program Memory modes:
Compatible CCP 00xx 11xx ECCP1 AD14(2) AD13(2) RG4/CCP5 RH7/AN15 RH6/AN14
Dual PWM 10xx 11xx P1A P1B/AD14(2) AD13(2) RG4/CCP5 RH7/AN15 RH6/AN14
Quad PWM x1xx 11xx P1A P1B/AD14(2) P1C/AD13(2) CCP5/P1D(1) RH7/AN15 RH6/AN14
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 0, all other Program Memory modes:
Compatible CCP 00xx 11xx ECCP1 AD14(2) AD13(2) RG4/CCP5 RH7/AN15 RH6/AN14
Dual PWM 10xx 11xx P1A AD14(2) AD13(2) RG4/CCP5 P1B RH6/AN14
Quad PWM x1xx 11xx P1A AD14(2) AD13(2) CCP5/P1D(1) P1B P1C
Legend: x = Don’t care, N/A = Not available. Shaded cells indicate pin assignments not used by ECCP1 in a given mode.
Note 1: With ECCP1 in Quad PWM mode, the CCP5 module’s output overrides P1D.
2: The EMB address bus width will determine whether the pin will perform an EMB or port/peripheral function.
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RB3 RC1 RE7 RE2 RE1 RE0
PIC18F6527/6622/6627/6722 Devices, CCP2MX = 1:
Compatible CCP 00xx 11xx RB3/INT3 ECCP2 RE7 RE2 RE1 RE0
Dual PWM 10xx 11xx RB3/INT3 P2A RE7 P2B RE1 RE0
Quad PWM x1xx 11xx RB3/INT3 P2A RE7 P2B P2C P2D
PIC18F6527/6622/6627/6722 Devices CCP2MX = 0:
Compatible CCP 00xx 11xx RB3/INT3 RC1/T1OSI ECCP2 RE2 RE1 RE0
Dual PWM 10xx 11xx RB3/INT3 RC1/T1OSI P2A P2B RE1 RE0
Quad PWM x1xx 11xx RB3/INT3 RC1/T1OSI P2A P2B P2C P2D
PIC18F8527/8622/8627/8722 Devices, CCP2MX = 1, Microcontroller mode:
Compatible CCP 00xx 11xx RB3/INT3 ECCP2 RE7 RE2 RE1 RE0
Dual PWM 10xx 11xx RB3/INT3 P2A RE7 P2B RE1 RE0
Quad PWM x1xx 11xx RB3/INT3 P2A RE7 P2B P2C P2D
PIC18F8527/8622/8627/8722 Devices, CCP2MX = 0, Microcontroller mode:
Compatible CCP 00xx 11xx RB3/INT3 RC1/T1OSI ECCP2 RE2 RE1 RE0
Dual PWM 10xx 11xx RB3/INT3 RC1/T1OSI P2A P2B RE1 RE0
Quad PWM x1xx 11xx RB3/INT3 RC1/T1OSI P2A P2B P2C P2D
PIC18F8527/8622/8627/8722 Devices, CCP2MX = 1, all other Program Memory modes:
Compatible CCP 00xx 11xx RB3/INT3 ECCP2 AD15(1) AD10(1) AD9(1) AD8(1)
Dual PWM 10xx 11xx RB3/INT3 P2A AD15(1) AD10/P2B(1) AD9(1) AD8(1)
Quad PWM x1xx 11xx RB3/INT3 P2A AD15(1) AD10/P2B(1) AD9/P2C(1) P2D/AD8(1)
PIC18F8527/8622/8627/8722 Devices, CCP2MX = 0, all other Program Memory modes:
Compatible CCP 00xx 11xx ECCP2 RC1/T1OSI AD15(1) AD10(1) AD9(1) AD8(1)
Dual PWM 10xx 11xx P2A RC1/T1OSI AD15(1) AD10/P2B(1) AD9(1) AD8(1)
Quad PWM x1xx 11xx P2A RC1/T1OSI AD15(1) AD10/P2B(1) AD9/P2C(1) P2D/AD8(1)
Legend: x = Don’t care. Shaded cells indicate pin assignments not used by ECCP2 in a given mode.
Note 1: The EMB address bus width will determine whether the pin will perform an EMB or port/peripheral function.
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RG0 RE4 RE3 RG3 RH5 RH4
PIC18F6527/6622/6627/6722 Devices:
Compatible CCP 00xx 11xx ECCP3 RE4 RE3 RG3/CCP4 N/A N/A
Dual PWM 10xx 11xx P3A P3B RE3 RG3/CCP4 N/A N/A
Quad PWM x1xx 11xx P3A P3B P3C CCP4/P3D(1) N/A N/A
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 1, Microcontroller mode:
Compatible CCP 00xx 11xx ECCP3 RE4 RE3 RG3/CCP4 RH5/AN13 RH4/AN12
Dual PWM 10xx 11xx P3A P3B RE3 RG3/CCP4 RH5/AN13 RH4/AN12
Quad PWM x1xx 11xx P3A P3B P3C CCP4/P3D(1) RH5/AN13 RH4/AN12
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 0, Microcontroller mode:
Compatible CCP 00xx 11xx ECCP3 RE4 RE3 RG3/CCP4 RH5/AN13 RH4/AN12
Dual PWM 10xx 11xx P3A RE4 RE3 RG3/CCP4 P3B RH4/AN12
Quad PWM x1xx 11xx P3A RE4 RE3 CCP4/P3D(1) P3B P3C
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 1, all other Program Memory modes:
Compatible CCP 00xx 11xx ECCP3 AD12(2) AD10(2) RG3/CCP4 RH5/AN13 RH4/AN12
Dual PWM 10xx 11xx P3A AD12/P3B(2) AD10(2) RG3/CCP4 RH5/AN13 RH4/AN12
Quad PWM x1xx 11xx P3A AD12/P3B(2) P3C/AD10(1) CCP4/P3D(1) RH5/AN13 RH4/AN12
PIC18F8527/8622/8627/8722 Devices, ECCPMX = 0, all other Program Memory modes:
Compatible CCP 00xx 11xx ECCP3 AD12(2) AD10(2) RG3/CCP4 RH5/AN13 RH4/AN12
Dual PWM 10xx 11xx P3A AD12(2) AD10(2) RG3/CCP4 P3B RH4/AN12
Quad PWM x1xx 11xx P3A AD12(2) AD10(2) CCP4/P3D(1) P3B P3C
Legend: x = Don’t care, N/A = Not available. Shaded cells indicate pin assignments not used by ECCP3 in a given mode.
Note 1: With ECCP3 in Quad PWM mode, the CCP4 module’s output overrides P3D.
2: The EMB address bus width will determine whether the pin will perform an EMB or port/peripheral function.
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18.1.3 ECCP MODULES AND TIMER 
RESOURCES
Like the standard CCP modules, the ECCP modules
can utilize Timers 1, 2, 3 or 4, depending on the mode
selected. Timer1 and Timer3 are available for modules
in Capture or Compare modes, while Timer2 and
Timer4 are available for modules in PWM mode.
Additional details on timer resources are provided in
Section 17.1.1 “CCP Modules and Timer
Resources”.
18.2 Capture and Compare Modes
With the exception of the Special Event Trigger
discussed below, the Capture and Compare modes of
the ECCP modules are identical in operation to that of
CCP4. These are discussed in detail in Section 17.2
“Capture Mode” and Section 17.3 “Compare
Mode”. 
18.2.1 SPECIAL EVENT TRIGGER
The Special Event Trigger output of ECCPx resets the
TMR1 or TMR3 register pair, depending on which timer
resource is currently selected. This allows the CCPRx
registers to effectively be 16-bit programmable period
registers for Timer1 or Timer3.
18.3 Standard PWM Mode
When configured in Single Output mode, the ECCP
module functions identically to the standard CCP
module in PWM mode as described in Section 17.4
“PWM Mode”. This is also sometimes referred to as
“Compatible CCP” mode as in Tables 18-1
through 18-3.
18.4 Enhanced PWM Mode
The Enhanced PWM mode provides additional PWM
output options for a broader range of control applica-
tions. The module is a backward compatible version of
the standard CCP module and offers up to four outputs,
designated PxA through PxD. Users are also able to
select the polarity of the signal (either active-high or
active-low). The module’s output mode and polarity
are configured by setting the PxM<1:0> and
CCPxM<3:0> bits of the CCPxCON register
(CCPxCON<7:6> and CCPxCON<3:0>, respectively).
For the sake of clarity, Enhanced PWM mode operation
is described generically throughout this section with
respect to ECCP1 and TMR2 modules. Control register
names are presented in terms of ECCP1. All three
Enhanced modules, as well as the two timer resources,
can be used interchangeably and function identically.
TMR2 or TMR4 can be selected for PWM operation by
selecting the proper bits in T3CON.
Figure 18-1 shows a simplified block diagram of PWM
operation. All control registers are double-buffered and
are loaded at the beginning of a new PWM cycle (the
period boundary when Timer2 resets) in order to
prevent glitches on any of the outputs. The exception is
the PWM Dead-Band Delay register, ECCP1DEL,
which is loaded at either the duty cycle boundary or the
boundary period (whichever comes first). Because of
the buffering, the module waits until the assigned timer
resets instead of starting immediately. This means that
Enhanced PWM waveforms do not exactly match the
standard PWM waveforms, but are instead offset by
one full instruction cycle (4 TOSC).
As before, the user must manually configure the
appropriate TRIS bits for output.
18.4.1 PWM PERIOD
The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following equation:
EQUATION 18-1:
PWM frequency is defined as 1/[PWM period]. When
TMR2 is equal to PR2, the following three events occur
on the next increment cycle:
• TMR2 is cleared
• The ECCP1 pin is set (if PWM duty cycle = 0%, 
the ECCP1 pin will not be set)
• The PWM duty cycle is copied from CCPR1L into 
CCPR1H
Note: When setting up single output PWM
operations, users are free to use either of
the processes described in Section 17.4.3
“Setup for PWM Operation” or
Section 18.4.9 “Setup for PWM Opera-
tion”. The latter is more generic, but will
work for either single or multi-output PWM.
Note: The Timer2 postscaler (see Section 14.0
“Timer2 Module”) is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM output.
PWM Period  = [(PR2) + 1] • 4 • TOSC •
(TMR2 Prescale Value) 
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FIGURE 18-1: SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODULE     
18.4.2 PWM DUTY CYCLE
The PWM duty cycle is specified by writing to the
CCPR1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The PWM duty cycle is
calculated by the equation:
EQUATION 18-2:
CCPR1L and CCP1CON<5:4> can be written to at any
time but the duty cycle value is not copied into
CCPR1H until a match between PR2 and TMR2 occurs
(i.e., the period is complete). In PWM mode, CCPR1H
is a read-only register.
The CCPR1H register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM opera-
tion. When the CCPR1H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or two bits
of the TMR2 prescaler, the ECCP1 pin is cleared. The
maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:
EQUATION 18-3:  
  













set ECCP1 pin and 
latch D.C.




















PWM Duty Cycle = (CCPR1L:CCP1CON<5:4>) •
TOSC • (TMR2 Prescale Value)
Note: If the PWM duty cycle value is longer than
the PWM period, the ECCP1 pin will not
be cleared.
( )






PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz 156.25 kHz 312.50 kHz 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 10 10 10 8 7 6.58
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18.4.3 PWM OUTPUT CONFIGURATIONS
The P1M1:P1M0 bits in the CCP1CON register allow
one of four configurations:
• Single Output
• Half-Bridge Output 
• Full-Bridge Output, Forward mode
• Full-Bridge Output, Reverse mode
The Single Output mode is the standard PWM mode
discussed in Section 18.4 “Enhanced PWM Mode”.
The Half-Bridge and Full-Bridge Output modes are
covered in detail in the sections that follow.
The general relationship of the outputs in all
configurations is summarized in Figure 18-2.































• Period = 4 * TOSC * (PR2 + 1) * (TMR2 Prescale Value)
• Duty Cycle = TOSC * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 Prescale Value)
• Delay = 4 * TOSC * (ECCP1DEL<6:0>)
Note 1: Dead-band delay is programmed using the ECCP1DEL register (Section 18.4.6 “Programmable 
Dead-Band Delay”).
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• Period = 4 * TOSC * (PR2 + 1) * (TMR2 Prescale Value)
• Duty Cycle = TOSC * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 Prescale Value)
• Delay = 4 * TOSC * (ECCP1DEL<6:0>)
Note 1: Dead-band delay is programmed using the ECCP1DEL register (Section 18.4.6 “Programmable 
Dead-Band Delay”).
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18.4.4 HALF-BRIDGE MODE
In the Half-Bridge Output mode, two pins are used as
outputs to drive push-pull loads. The PWM output sig-
nal is output on the P1A pin, while the complementary
PWM output signal is output on the P1B pin
(Figure 18-4). This mode can be used for half-bridge
applications, as shown in Figure 18-5, or for full-bridge
applications, where four power switches are being
modulated with two PWM signals.
In Half-Bridge Output mode, the programmable
dead-band delay can be used to prevent shoot-through
current in half-bridge power devices. The value of bits,
P1DC<6:0> sets the number of instruction cycles
before the output is driven active. If the value is greater
than the duty cycle, the corresponding output remains
inactive during the entire cycle. See Section 18.4.6
“Programmable Dead-Band Delay” for more details
on dead-band delay operations. 
The P1A and P1B outputs are multiplexed with the
PORTC<2> and PORTE<6> data latches. Alternatively,
P1B can be assigned to PORTH<7> by programming
the ECCPMX Configuration bit to ‘0’. See Table 18-1,
Table 18-2 and Table 18-3 for more information. The
associated TRIS bit must be cleared to configure P1A
and P1B as outputs.
FIGURE 18-4: HALF-BRIDGE PWM 
OUTPUT








td = Dead Band Delay
Period
(1) (1)
Note 1: At this time, the TMR2 register is equal to the
PR2 register.































Standard Half-Bridge Circuit (“Push-Pull”)
Half-Bridge Output Driving a Full-Bridge Circuit
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18.4.5 FULL-BRIDGE MODE
In Full-Bridge Output mode, four pins are used as
outputs; however, only two outputs are active at a time.
In the Forward mode, pin P1A is continuously active
and pin P1D is modulated. In the Reverse mode, pin
P1C is continuously active and pin P1B is modulated.
These are illustrated in Figure 18-6.
P1A, P1B, P1C and P1D outputs are multiplexed with
the PORTC<2>, PORTE<6:5> and PORTG<4> data
latches. Alternatively, P1B and P1C can be assigned to
PORTH<7> and PORTH<6>, respectively, by program-
ming the ECCPMX Configuration bit to ‘0’. See
Table 18-1, Table 18-2 and Table 18-3 for more infor-
mation. The associated bits must be cleared to make
the P1A, P1B, P1C and P1D pins outputs.


















Note 1:  At this time, the TMR2 register is equal to the PR2 register.
Note 2:  Output signal is shown as active-high.
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FIGURE 18-7: EXAMPLE OF FULL-BRIDGE APPLICATION
18.4.5.1 Direction Change in Full-Bridge Mode
In the Full-Bridge Output mode, the P1M1 bit in the
CCP1CON register allows users to control the forward/
reverse direction. When the application firmware
changes this direction control bit, the module will
assume the new direction on the next PWM cycle. 
Just before the end of the current PWM period, the
modulated outputs (P1B and P1D) are placed in their
inactive state, while the unmodulated outputs (P1A and
P1C) are switched to drive in the opposite direction.
This occurs in a time interval of (4 TOSC * (Timer2
Prescale Value)) before the next PWM period begins.
The Timer2 prescaler will be either 1, 4 or 16, depend-
ing on the value of the T2CKPSx bit (T2CON<1:0>).
During the interval from the switch of the unmodulated
outputs to the beginning of the next period, the
modulated outputs (P1B and P1D) remain inactive.
This relationship is shown in Figure 18-8.
Note that in the Full-Bridge Output mode, the ECCP1
module does not provide any dead-band delay. In gen-
eral, since only one output is modulated at all times,
dead-band delay is not required. However, there is a
situation where a dead-band delay might be required.
This situation occurs when both of the following
conditions are true:
1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.
2. The turn-off time of the power switch, including
the power device and driver circuit, is greater
than the turn-on time.
Figure 18-9 shows an example where the PWM direc-
tion changes from forward to reverse at a near 100%
duty cycle. At time, t1, the outputs P1A and P1D
become inactive, while output P1C becomes active. In
this example, since the turn-off time of the power
devices is longer than the turn-on time, a shoot-through
current may flow through power devices QC and QD
(see Figure 18-7) for the duration of ‘t’. The same
phenomenon will occur to power devices QA and QB
for PWM direction change from reverse to forward. 
If changing PWM direction at high duty cycle is required
for an application, one of the following requirements
must be met:
1. Reduce PWM for a PWM period before
changing directions.
2. Use switch drivers that can drive the switches off
faster than they can drive them on.
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FIGURE 18-8: PWM DIRECTION CHANGE
FIGURE 18-9: PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE(1)
DC
Period(1)SIGNAL
Note 1: The direction bit in the ECCP1 Control register (CCP1CON<7>) is written any time during the PWM cycle.
2: When changing directions, the P1A and P1C signals switch before the end of the current PWM cycle at intervals 
of 4 TOSC, 16 TOSC or 64 TOSC, depending on the Timer2 prescaler value. The modulated P1B and P1D signals 






















Note 1: All signals are shown as active-high.
2: tON is the turn-on delay of power switch QC and its driver.
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18.4.6 PROGRAMMABLE DEAD-BAND 
DELAY
In half-bridge applications where all power switches are
modulated at the PWM frequency at all times, the
power switches normally require more time to turn off
than to turn on. If both the upper and lower power
switches are switched at the same time (one turned on
and the other turned off), both switches may be on for
a short period of time until one switch completely turns
off. During this brief interval, a very high current
(shoot-through current) may flow through both power
switches, shorting the bridge supply. To avoid this
potentially destructive shoot-through current from flow-
ing during switching, turning on either of the power
switches is normally delayed to allow the other switch
to completely turn off.
In the Half-Bridge Output mode, a digitally program-
mable dead-band delay is available to avoid
shoot-through current from destroying the bridge
power switches. The delay occurs at the signal transi-
tion from the non-active state to the active state. See
Figure 18-4 for illustration. The lower seven bits of the
ECCP1DEL register (Register 18-2) set the delay
period in terms of microcontroller instruction cycles
(TCY or 4 TOSC).
18.4.7 ENHANCED PWM 
AUTO-SHUTDOWN
When the ECCP is programmed for any of the
Enhanced PWM modes, the active output pins may be
configured for auto-shutdown. Auto-shutdown immedi-
ately places the Enhanced PWM output pins into a
defined shutdown state when a shutdown event
occurs.
A shutdown event can be caused by either of the two
comparator modules or the FLT0 pin (or any combina-
tion of these three sources). The comparators may be
used to monitor a voltage input proportional to a current
being monitored in the bridge circuit. If the voltage
exceeds a threshold, the comparator switches state and
triggers a shutdown. Alternatively, a digital signal on the
FLT0 pin can also trigger a shutdown. The
auto-shutdown feature can be disabled by not selecting
any auto-shutdown sources. The auto-shutdown
sources to be used are selected using the
ECCP1AS<2:0> bits (ECCP1AS<6:4>).
When a shutdown occurs, the output pins are
asynchronously placed in their shutdown states,
specified by the PSS1AC<1:0> and PSS1BD<1:0> bits
(ECCP1AS<3:0>). Each pin pair (P1A/P1C and P1B/
P1D) may be set to drive high, drive low or be tri-stated
(not driving). The ECCP1ASE bit (ECCP1AS<7>) is
also set to hold the Enhanced PWM outputs in their
shutdown states.
The ECCP1ASE bit is set by hardware when a shut-
down event occurs. If automatic restarts are not
enabled, the ECCP1ASE bit is cleared by firmware
when the cause of the shutdown clears. If automatic
restarts are enabled, the ECCP1ASE bit is auto-
matically cleared when the cause of the auto-shutdown
has cleared.
If the ECCP1ASE bit is set when a PWM period begins,
the PWM outputs remain in their shutdown state for that
entire PWM period. When the ECCP1ASE bit is cleared,
the PWM outputs will return to normal operation at the
beginning of the next PWM period.
Note: Writing to the ECCP1ASE bit is disabled
while a shutdown condition is active. 
REGISTER 18-2: ECCPxDEL: ENHANCED PWM DEAD-BAND DELAY REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PxRSEN PxDC6 PxDC5 PxDC4 PxDC3 PxDC2 PxDC1 PxDC0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 PxRSEN: PWM Restart Enable bit
1 = Upon auto-shutdown, the ECCPxASE bit clears automatically once the shutdown event goes
away; the PWM restarts automatically
0 = Upon auto-shutdown, the ECCPxASE bit must be cleared in software to restart the PWM
bit 6-0 PxDC<6:0>: PWM Delay Count bits
Delay time, in number of FOSC/4 (4 * TOSC) cycles, between the scheduled and actual time for a PWM 
signal to transition to active.
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REGISTER 18-3: ECCPxAS: ENHANCED CCP AUTO-SHUTDOWN CONFIGURATION REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ECCPxASE ECCPxAS2 ECCPxAS1 ECCPxAS0 PSSxAC1 PSSxAC0 PSSxBD1 PSSxBD0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 ECCPxASE: ECCP Auto-Shutdown Event Status bit
0 = ECCP outputs are operating 
1 = A shutdown event has occurred; ECCP outputs are in shutdown state
bit 6-4 ECCPxAS<2:0>: ECCP Auto-Shutdown Source Select bits
000 = Auto-shutdown is disabled
001 = Comparator 1 output
010 = Comparator 2 output
011 = Either Comparator 1 or 2
100 = FLT0
101 = FLT0 or Comparator 1
110 = FLT0 or Comparator 2
111 = FLT0 or Comparator 1 or Comparator 2
bit 3-2 PSSxAC<1:0>: Pins A and C Shutdown State Control bits
00 = Drive pins A and C to ‘0’
01 = Drive pins A and C to ‘1’
1x = Pins A and C tri-state
bit 1-0 PSSxBD<1:0>: Pins B and D Shutdown State Control bits
00 = Drive pins B and D to ‘0’
01 = Drive pins B and D to ‘1’
1x = Pins B and D tri-state
PIC18F8722 FAMILY
DS39646C-page 202 © 2008 Microchip Technology Inc.
18.4.7.1 Auto-Shutdown and Automatic 
Restart
The Auto-Shutdown feature can be configured to allow
automatic restarts of the module following a shutdown
event. This is enabled by setting the P1RSEN bit of the
ECCP1DEL register (ECCP1DEL<7>).
In Shutdown mode with P1RSEN = 1 (Figure 18-10),
the ECCP1ASE bit will remain set for as long as the
cause of the shutdown continues. When the shutdown
condition clears, the ECCP1ASE bit is cleared. If
P1RSEN = 0 (Figure 18-11), once a shutdown condi-
tion occurs, the ECCP1ASE bit will remain set until it is
cleared by firmware. Once ECCP1ASE is cleared, the
Enhanced PWM will resume at the beginning of the
next PWM period.
Independent of the P1RSEN bit setting, if the
auto-shutdown source is one of the comparators, the
shutdown condition is a level. The ECCP1ASE bit can-
not be cleared as long as the cause of the shutdown
persists.
The Auto-Shutdown mode can be forced by writing a ‘1’
to the ECCP1ASE bit.
18.4.8 START-UP CONSIDERATIONS
When the ECCP module is used in the PWM mode, the
application hardware must use the proper external
pull-up and/or pull-down resistors on the PWM output
pins. When the microcontroller is released from Reset,
all of the I/O pins are in the high-impedance state. The
external circuits must keep the power switch devices in
the OFF state until the microcontroller drives the I/O
pins with the proper signal levels or activates the PWM
output(s).
The CCP1M<1:0> bits (CCP1CON<1:0>) allow the
user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output
pins (P1A/P1C and P1B/P1D). The PWM output
polarities must be selected before the PWM pins are
configured as outputs. Changing the polarity configura-
tion while the PWM pins are configured as outputs is
not recommended since it may result in damage to the
application circuits.
The P1A, P1B, P1C and P1D output latches may not be
in the proper states when the PWM module is initialized.
Enabling the PWM pins for output at the same time as
the ECCP1 module may cause damage to the applica-
tion circuit. The ECCP1 module must be enabled in the
proper output mode and complete a full PWM cycle
before configuring the PWM pins as outputs. The com-
pletion of a full PWM cycle is indicated by the TMR2IF
bit being set as the second PWM period begins.
FIGURE 18-10: PWM AUTO-SHUTDOWN (P1RSEN = 1, AUTO-RESTART ENABLED) 
FIGURE 18-11: PWM AUTO-SHUTDOWN (P1RSEN = 0, AUTO-RESTART DISABLED) 
Note: Writing to the ECCP1ASE bit is disabled
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18.4.9 SETUP FOR PWM OPERATION
The following steps should be taken when configuring
the ECCP1 module for PWM operation using Timer2:
1. Configure the PWM pins, P1A and P1B (and
P1C and P1D, if used), as inputs by setting the
corresponding TRIS bits.
2. Set the PWM period by loading the PR2 register.
3. If auto-shutdown is required do the following:
• Disable auto-shutdown (ECCP1AS = 0)
• Configure source (FLT0, Comparator 1 or 
Comparator 2)
• Wait for non-shutdown condition
4. Configure the ECCP1 module for the desired
PWM mode and configuration by loading the
CCP1CON register with the appropriate values:
• Select one of the available output 
configurations and direction with the 
P1M<1:0> bits.
• Select the polarities of the PWM output 
signals with the CCP1M<3:0> bits.
5. Set the PWM duty cycle by loading the CCPR1L
register and CCP1CON<5:4> bits.
6. For Half-Bridge Output mode, set the
dead-band delay by loading ECCP1DEL<6:0>
with the appropriate value.
7. If auto-shutdown operation is required, load the
ECCP1AS register:
• Select the auto-shutdown sources using the 
ECCP1AS<2:0> bits.
• Select the shutdown states of the PWM 
output pins using the PSS1AC<1:0> and 
PSS1BD<1:0> bits.
• Set the ECCP1ASE bit (ECCP1AS<7>).
• Configure the comparators using the CMCON 
register.
• Configure the comparator inputs as analog 
inputs.
8. If auto-restart operation is required, set the
P1RSEN bit (ECCP1DEL<7>).
9. Configure and start TMR2:
• Clear the TMR2 interrupt flag bit by clearing 
the TMR2IF bit (PIR1<1>).
• Set the TMR2 prescale value by loading the 
T2CKPS bits (T2CON<1:0>).
• Enable Timer2 by setting the TMR2ON bit 
(T2CON<2>).
10. Enable PWM outputs after a new PWM cycle
has started:
• Wait until TMRx overflows (TMRxIF bit is set).
• Enable the ECCP1/P1A, P1B, P1C and/or 
P1D pin outputs by clearing the respective 
TRIS bits.
• Clear the ECCP1ASE bit (ECCP1AS<7>).
18.4.10 OPERATION IN POWER-MANAGED 
MODES
In Sleep mode, all clock sources are disabled. Timer2 or
Timer4 will not increment and the state of the module will
not change. If the ECCP1 pin is driving a value, it will
continue to drive that value. When the device wakes up,
it will continue from this state. If Two-Speed Start-ups are
enabled, the initial start-up frequency from INTOSC and
the postscaler may not be stable immediately.
In PRI_IDLE mode, the primary clock will continue to
clock the ECCP1 module without change. In all other
power-managed modes, the selected power-managed
mode clock will clock Timer2 or Timer4. Other
power-managed mode clocks will most likely be
different than the primary clock frequency. 
18.4.10.1 Operation with Fail-Safe 
Clock Monitor
If the Fail-Safe Clock Monitor is enabled, a clock failure
will force the device into the power-managed RC_RUN
mode and the OSCFIF bit (PIR2<7>) will be set. The
ECCP1 will then be clocked from the internal oscillator
clock source, which may have a different clock
frequency than the primary clock.
See the previous section for additional details.
18.4.11 EFFECTS OF A RESET
Both Power-on Reset and subsequent Resets will force
all ports to Input mode and the CCP registers to their
Reset states.
This forces the Enhanced CCP module to reset to a
state compatible with the standard CCP module.
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TABLE 18-5: REGISTERS ASSOCIATED WITH ECCP MODULES AND TIMER1 TO TIMER4     




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
RCON IPEN SBOREN — RI TO PD POR BOR 58
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 60
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 60
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CCP5IF CCP4IF CCP3IF 60
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CCP5IE CCP4IE CCP3IE 60
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CCP5IP CCP4IP CCP3IP 60
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISE TRISE7 TRISE6 TRISE5 TRISE4 TRISE3 TRISE2 TRISE1 TRISE0 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 60
TRISH(2) TRISH7 TRISH6 TRISH5 TRISH4 TRISH3 TRISH2 TRISH1 TRISH0 60
TMR1L Timer1 Register Low Byte 58
TMR1H Timer1 Register High Byte 58
T1CON RD16 T1RUN T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 58
TMR2 Timer2 Register 58
T2CON — T2OUTPS3 T2OUTPS2 T2OUTPS1 T2OUTPS0 TMR2ON T2CKPS1 T2CKPS0 58
PR2 Timer2 Period Register 58
TMR3L Timer3 Register Low Byte 59
TMR3H Timer3 Register High Byte 59
T3CON RD16 T3CCP2 T3CKPS1 T3CKPS0 T3CCP1 T3SYNC TMR3CS TMR3ON 59
TMR4 Timer4 Register 61
T4CON — T4OUTPS3 T4OUTPS2 T4OUTPS1 T4OUTPS0 TMR4ON T4CKPS1 T4CKPS0 61
PR4 Timer4 Period Register 61
CCPRxL(1) Enhanced Capture/Compare/PWM Register x Low Byte 59, 61
CCPRxH(1) Enhanced Capture/Compare/PWM Register x High Byte 59, 61
CCPxCON(1) PxM1 PxM0 DCxB1 DCxB0 CCPxM3 CCPxM2 CCPxM1 CCPxM0 59
ECCPxAS(1) ECCPxASE ECCPxAS2 ECCPxAS1 ECCPxAS0 PSSxAC1 PSSxAC0 PSSxBD1 PSSxBD0 59, 61
ECCPxDEL(1) PxRSEN PxDC6 PxDC5 PxDC4 PxDC3 PxDC2 PxDC1 PxDC0 61
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during ECCP operation.
Note 1: Generic term for all of the identical registers of this name for all Enhanced CCP modules, where ‘x’ identifies the 
individual module (ECCP1, ECCP2 or ECCP3). Bit assignments and Reset values for all registers of the same 
generic name are identical.
2: This register is not implemented on PIC18F6527/6622/6627/6722 devices.
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19.0 MASTER SYNCHRONOUS 
SERIAL PORT (MSSP) 
MODULE
19.1 Master SSP (MSSP) Module 
Overview
The Master Synchronous Serial Port (MSSP) module is
a serial interface, useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be serial EEPROMs, shift registers,
display drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:
• Serial Peripheral Interface (SPI)
• Inter-Integrated Circuit (I2C™)
- Full Master mode
- Slave mode (with general address call)





All members of the PIC18F8722 family have two MSSP
modules, designated as MSSP1 and MSSP2. Each
module operates independently of the other.  
19.2 Control Registers
Each MSSP module has three associated control regis-
ters. These include a status register (SSPxSTAT) and
two control registers (SSPxCON1 and SSPxCON2). The
use of these registers and their individual Configuration
bits differ significantly depending on whether the MSSP
module is operated in SPI or I2C mode.
Additional details are provided under the individual
sections.
19.3 SPI Mode
The SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. All four
modes of SPI are supported. To accomplish
communication, typically three pins are used:
• Serial Data Out (SDOx) – RC5/SDO1 or 
RD4/SDO2
• Serial Data In (SDIx) – RC4/SDI1/SDA1 or 
RD5/SDI2/SDA2
• Serial Clock (SCKx) – RC3/SCK1/SCL1 or 
RD6/SCK2/SCL2
Additionally, a fourth pin may be used when in a Slave
mode of operation:
• Slave Select (SSx) – RF7/SS1 or RD7/SS2
Figure 19-1 shows the block diagram of the MSSP
module when operating in SPI mode. 
FIGURE 19-1: MSSP BLOCK DIAGRAM 
(SPI MODE)    
Note: Throughout this section, generic refer-
ences to an MSSP module in any of its
operating modes may be interpreted as
being equally applicable to MSSP1 or
MSSP2. Register names and module I/O
signals use the generic designator ‘x’ to
indicate the use of a numeral to distinguish
a particular module when required. Control
bit names are not individuated.
Note: In devices with more than one MSSP
module, it is very important to pay close
attention to SSPCON register names.
SSP1CON1 and SSP1CON2 control
different operational aspects of the same
module, while SSP1CON1 and
SSP2CON1 control the same features for
two different modules. 






























Note: Only port I/O names are used in this diagram for
the sake of brevity. Refer to the text for a full list of
multiplexed functions.
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19.3.1 REGISTERS
Each MSSP module has four registers for SPI mode
operation. These are: 
• MSSP Control Register 1 (SSPxCON1)
• MSSP Status Register (SSPxSTAT)
• Serial Receive/Transmit Buffer Register 
(SSPxBUF)
• MSSP Shift Register (SSPxSR) – Not directly 
accessible
SSPxCON1 and SSPxSTAT are the control and status
registers in SPI mode operation. The SSPxCON1
register is readable and writable. The lower 6 bits of
the SSPxSTAT are read-only. The upper two bits of the
SSPxSTAT are read/write.
SSPxSR is the shift register used for shifting data in or
out. SSPxBUF is the buffer register to which data
bytes are written to or read from.
In receive operations, SSPxSR and SSPxBUF
together create a double-buffered receiver. When
SSPxSR receives a complete byte, it is transferred to
SSPxBUF and the SSPxIF interrupt is set.
During transmission, the SSPxBUF is not
double-buffered. A write to SSPxBUF will write to both
SSPxBUF and SSPxSR. 
REGISTER 19-1: SSPxSTAT: MSSPx STATUS REGISTER (SPI MODE)
R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P S R/W UA BF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 SMP: Sample bit
SPI Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode.
bit 6 CKE: SPI Clock Select bit
1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state
Note: Polarity of clock state is set by the CKP bit (SSPxCON1<4>).
bit 5 D/A: Data/Address bit 
Used in I2C mode only.
bit 4 P: Stop bit 
Used in I2C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.
bit 3 S: Start bit
Used in I2C mode only. 
bit 2 R/W: Read/Write Information bit
Used in I2C mode only.
bit 1 UA: Update Address bit
Used in I2C mode only.
bit 0 BF: Buffer Full Status bit (Receive mode only)
1 = Receive complete, SSPxBUF is full 
0 = Receive not complete, SSPxBUF is empty
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REGISTER 19-2: SSPxCON1: MSSPx CONTROL REGISTER 1 (SPI MODE)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WCOL SSPOV(1) SSPEN(2) CKP SSPM3(3) SSPM2(3) SSPM1(3) SSPM0(3)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 WCOL: Write Collision Detect bit
1 = The SSPxBUF register is written while it is still transmitting the previous word
(must be cleared in software) 
0 = No collision 
bit 6 SSPOV: Receive Overflow Indicator bit(1) 
SPI Slave mode: 
1 = A new byte is received while the SSPxBUF register is still holding the previous data. In case of
overflow, the data in SSPxSR is lost. Overflow can only occur in Slave mode. The user must read
the SSPxBUF, even if only transmitting data, to avoid setting overflow (must be cleared in soft-
ware).
0 = No overflow
bit 5 SSPEN: Synchronous Serial Port Enable bit(2) 
1 = Enables serial port and configures SCKx, SDOx, SDIx and SSx as serial port pins 
0 = Disables serial port and configures these pins as I/O port pins
bit 4 CKP: Clock Polarity Select bit 
1 = Idle state for clock is a high level 
0 = Idle state for clock is a low level
bit 3-0 SSPM<3:0>: Synchronous Serial Port Mode Select bits(3)
0101 = SPI Slave mode, clock = SCKx pin, SSx pin control disabled, SSx can be used as I/O pin 
0100 = SPI Slave mode, clock = SCKx pin, SSx pin control enabled
0011 = SPI Master mode, clock = TMR2 output/2 
0010 = SPI Master mode, clock = FOSC/64 
0001 = SPI Master mode, clock = FOSC/16 
0000 = SPI Master mode, clock = FOSC/4 
Note 1: In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by 
writing to the SSPxBUF register.
2: When enabled, these pins must be properly configured as input or output.
3: Bit combinations not specifically listed here are either reserved or implemented in I2C™ mode only.
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19.3.2 OPERATION
When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPxCON1<5:0> and SSPxSTAT<7:6>).
These control bits allow the following to be specified:
• Master mode (SCKx is the clock output)
• Slave mode (SCKx is the clock input)
• Clock Polarity (Idle state of SCKx)
• Data Input Sample Phase (middle or end of data 
output time)
• Clock Edge (output data on rising/falling edge of 
SCKx)
• Clock Rate (Master mode only)
• Slave Select mode (Slave mode only)
Each MSSP module consists of a transmit/receive shift
register (SSPxSR) and a buffer register (SSPxBUF).
The SSPxSR shifts the data in and out of the device,
MSb first. The SSPxBUF holds the data that was
written to the SSPxSR until the received data is ready.
Once the 8 bits of data have been received, that byte is
moved to the SSPxBUF register. Then, the Buffer Full
detect bit, BF (SSPxSTAT<0>) and the interrupt flag bit,
SSPxIF, are set. This double-buffering of the received
data (SSPxBUF) allows the next byte to start reception
before reading the data that was just received. Any
write to the SSPxBUF register during transmis-
sion/reception of data will be ignored and the Write
Collision Detect bit, WCOL (SSPxCON1<7>), will be
set. User software must clear the WCOL bit so that it
can be determined if the following write(s) to the
SSPxBUF register completed successfully. 
When the application software is expecting to receive
valid data, the SSPxBUF should be read before the
next byte of data to transfer is written to the SSPxBUF.
The Buffer Full bit, BF (SSPxSTAT<0>), indicates when
SSPxBUF has been loaded with the received data
(transmission is complete). When the SSPxBUF is
read, the BF bit is cleared. This data may be irrelevant
if the SPI is only a transmitter. Generally, the MSSP
interrupt is used to determine when the transmis-
sion/reception has completed. If the interrupt method is
not going to be used, then software polling can be done
to ensure that a write collision does not occur.
Example 19-1 shows the loading of the SSPxBUF
(SSPxSR) for data transmission. 
The SSPxSR is not directly readable or writable and
can only be accessed by addressing the SSPxBUF
register. Additionally, the SSPxSTAT register indicates
the various status conditions. 
EXAMPLE 19-1: LOADING THE SSP1BUF (SSP1SR) REGISTER      
LOOP BTFSS SSP1STAT, BF ;Has data been received (transmit complete)? 
BRA LOOP ;No 
MOVF SSP1BUF, W ;WREG reg = contents of SSP1BUF 
MOVWF RXDATA ;Save in user RAM, if data is meaningful
MOVF TXDATA, W ;W reg = contents of TXDATA 
MOVWF SSP1BUF ;New data to xmit 
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19.3.3 ENABLING SPI I/O
To enable the serial port, SSP Enable bit, SSPEN
(SSPxCON1<5>), must be set. To reset or reconfigure
SPI mode, clear the SSPEN bit, reinitialize the
SSPxCON registers and then set the SSPEN bit. This
configures the SDIx, SDOx, SCKx and SSx pins as
serial port pins. For the pins to behave as the serial port
function, some must have their data direction bits (in
the TRIS register) appropriately programmed as
follows:
• SDIx is automatically controlled by the 
SPI module 
• SDOx must have the TRISC<5> or TRISD<4> bit 
cleared
• SCKx (Master mode) must have the TRISC<3> or 
TRISD<6>bit cleared
• SCKx (Slave mode) must have the TRISC<3> or 
TRISD<6> bit set 
• SSx must have the TRISF<7> or TRISD<7> bit 
set 
Any serial port function that is not desired may be
overridden by programming the corresponding data
direction (TRIS) register to the opposite value.
19.3.4 TYPICAL CONNECTION
Figure 19-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCKx signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge and latched on the opposite edge
of the clock. Both processors should be programmed to
the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:
• Master sends data – Slave sends dummy data
• Master sends data – Slave sends data
• Master sends dummy data – Slave sends data




















SPI Slave SSPM<3:0> = 010xb
Serial Clock
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19.3.5 MASTER MODE
The master can initiate the data transfer at any time
because it controls the SCKx. The master determines
when the slave (Processor 1, Figure 19-2) is to
broadcast data by the software protocol.
In Master mode, the data is transmitted/received as
soon as the SSPxBUF register is written to. If the SPI
is only going to receive, the SDOx output could be dis-
abled (programmed as an input). The SSPxSR register
will continue to shift in the signal present on the SDIx
pin at the programmed clock rate. As each byte is
received, it will be loaded into the SSPxBUF register as
if a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.
The clock polarity is selected by appropriately
programming the CKP bit (SSPxCON1<4>). This then,
would give waveforms for SPI communication as
shown in Figure 19-3, Figure 19-5 and Figure 19-6,
where the MSB is transmitted first. In Master mode, the
SPI clock rate (bit rate) is user programmable to be one
of the following:
• FOSC/4 (or TCY)
• FOSC/16 (or 4 • TCY)
• FOSC/64 (or 16 • TCY)
• Timer2 output/2 
This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.
Figure 19-3 shows the waveforms for Master mode.
When the CKE bit is set, the SDOx data is valid before
there is a clock edge on SCKx. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPxBUF is loaded with the received
data is shown.
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19.3.6 SLAVE MODE
In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCKx. When the
last bit is latched, the SSPxIF interrupt flag bit is set.
While in Slave mode, the external clock is supplied by
the external clock source on the SCKx pin. This exter-
nal clock must meet the minimum high and low times
as specified in the electrical specifications.
While in Sleep mode, the slave can transmit/receive
data. When a byte is received, the device can be
configured to wake-up from Sleep.
19.3.7 SLAVE SELECT 
SYNCHRONIZATION
The SSx pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with the SSx pin control
enabled (SSPxCON1<3:0> = 04h). When the SSx pin
is low, transmission and reception are enabled and the
SDOx pin is driven. When the SSx pin goes high, the
SDOx pin is no longer driven, even if in the middle of a
transmitted byte and becomes a floating output. Exter-
nal pull-up/pull-down resistors may be desirable
depending on the application.        
When the SPI module resets, the bit counter is forced
to ‘0’. This can be done by either forcing the SSx pin to
a high level or clearing the SSPEN bit.
To emulate two-wire communication, the SDOx pin can
be connected to the SDIx pin. When the SPI needs to
operate as a receiver, the SDOx pin can be configured
as an input. This disables transmissions from the
SDOx. The SDIx can always be left as an input (SDI
function) since it cannot create a bus conflict.
FIGURE 19-4: SLAVE SYNCHRONIZATION WAVEFORM      
Note 1: When the SPI is in Slave mode
with SSx pin control enabled
(SSPxCON1<3:0> = 0100), the SPI
module will reset if the SSx pin is set to VDD.
2: If the SPI is used in Slave mode with CKE
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FIGURE 19-5: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)      
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19.3.8 OPERATION IN POWER-MANAGED 
MODES
In SPI Master mode, module clocks may be operating
at a different speed than when in full power mode; in
the case of the Sleep mode, all clocks are halted.
In Idle modes, a clock is provided to the peripherals.
That clock can be from the primary clock source, the
secondary clock (Timer1 oscillator) or the INTOSC
source. See Section 2.7 “Clock Sources and
Oscillator Switching” for additional information.
In most cases, the speed that the master clocks SPI
data is not important; however, this should be
evaluated for each system.
If MSSP interrupts are enabled, they can wake the con-
troller from Sleep mode, or one of the Idle modes, when
the master completes sending data. If an exit from
Sleep or Idle mode is not desired, MSSP interrupts
should be disabled.
If the Sleep mode is selected, all module clocks are
halted and the transmission/reception will remain in
that state until the devices wakes. After the device
returns to Run mode, the module will resume
transmitting and receiving data.
In SPI Slave mode, the SPI Transmit/Receive Shift
register operates asynchronously to the device. This
allows the device to be placed in any power-managed
mode and data to be shifted into the SPI Trans-
mit/Receive Shift register. When all 8 bits have been
received, the MSSP interrupt flag bit will be set and if
enabled, will wake the device.
19.3.9 EFFECTS OF A RESET
A Reset disables the MSSP module and terminates the
current transfer.
19.3.10 BUS MODE COMPATIBILITY
Table 19-1 shows the compatibility between the
standard SPI modes and the states of the CKP and
CKE control bits. 
TABLE 19-1: SPI BUS MODES    
There is also an SMP bit which controls when the data
is sampled.
19.3.11 SPI CLOCK SPEED AND MODULE 
INTERACTIONS
Because MSSP1 and MSSP2 are independent
modules, they can operate simultaneously at different
data rates. Setting the SSPM3:SSPM0 bits of the
SSPxCON register determines the rate for the
corresponding module.
An exception is when both modules use Timer2 as a
time base in Master mode. In this instance, any
changes to the Timer2 module’s operation will affect
both MSSP modules equally. If different bit rates are
required for each module, the user should select one of
the other three time base options for one of the
modules.




0, 0 0 1
0, 1 0 0
1, 0 1 1
1, 1 1 0
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TABLE 19-2: REGISTERS ASSOCIATED WITH SPI OPERATION       




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CCP5IF CCP4IF CCP3IF 60
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CCP5IE CCP4IE CCP3IE 60
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CCP5IP CCP4IP CCP3IP 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISD0 60
TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISF0 60
TMR2 Timer2 Register 58
PR2 Timer2 Period Register 58
SSP1BUF MSSP1 Receive Buffer/Transmit Register 58
SSP1CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 58
SSP1STAT SMP CKE D/A P S R/W UA BF 58
SSP2BUF MSSP2 Receive Buffer/Transmit Register 61
SSP2CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 61
SSP2STAT SMP CKE D/A P S R/W UA BF 61
Legend: Shaded cells are not used by the MSSP module in SPI mode.
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19.4 I2C Mode
The MSSP module in I2C mode fully implements all
master and slave functions (including general call
support) and provides interrupts on Start and Stop bits
in hardware to determine a free bus (multi-master
function). The MSSP module implements the standard
mode specifications, as well as 7-bit and 10-bit
addressing.
Two pins are used for data transfer: 
• Serial clock (SCLx) – RC3/SCK1/SCL1 or 
RD6/SCK2/SCL2
• Serial data (SDAx) – RC4/SDI1/SDA1 or 
RD5/SDI2/SDA2
The user must configure these pins as inputs by setting
the associated TRIS bits.
FIGURE 19-7: MSSP BLOCK DIAGRAM 

















Note: Only port I/O names are used in this diagram for
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REGISTER 19-3: SSPxSTAT: MSSPx STATUS REGISTER (I2C™ MODE)
R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P(1) S(1) R/W(2,3) UA BF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 SMP: Slew Rate Control bit
In Master or Slave mode: 
1 = Slew rate control disabled for Standard Speed mode (100 kHz and 1 MHz) 
0 = Slew rate control enabled for High-Speed mode (400 kHz)
bit 6 CKE: SMBus Select bit
In Master or Slave mode:
1 = Enable SMBus specific inputs 
0 = Disable SMBus specific inputs 




1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4 P: Stop bit(1)
1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
bit 3 S: Start bit(1)
1 = Indicates that a Start bit has been detected last
0 = Start bit was not detected last





1 = Transmit is in progress
0 = Transmit is not in progress
bit 1 UA: Update Address bit (10-bit Slave mode only)
1 = Indicates that the user needs to update the address in the SSPxADD register 
0 = Address does not need to be updated
bit 0 BF: Buffer Full Status bit
In Transmit mode: 
1 = SSPxBUF is full 
0 = SSPxBUF is empty
In Receive mode:
1 = SSPxBUF is full (does not include the ACK and Stop bits)
0 = SSPxBUF is empty (does not include the ACK and Stop bits)
Note 1: This bit is cleared on Reset and when SSPEN is cleared.
2: This bit holds the R/W bit information following the last address match. This bit is only valid from the 
address match to the next Start bit, Stop bit or not ACK bit.
3: ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is in Active mode.
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REGISTER 19-4: SSPxCON1: MSSPx CONTROL REGISTER 1 (I2C™ MODE)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WCOL SSPOV SSPEN(1) CKP SSPM3 SSPM2 SSPM1 SSPM0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 WCOL: Write Collision Detect bit
In Master Transmit mode:
1 = A write to the SSPxBUF register was attempted while the I2C™ conditions were not valid for a
transmission to be started (must be cleared in software)
0 = No collision
In Slave Transmit mode:
1 = The SSPxBUF register is written while it is still transmitting the previous word (must be cleared in
software)
0 = No collision 
In Receive mode (Master or Slave modes):
This is a “don’t care” bit.
bit 6 SSPOV: Receive Overflow Indicator bit 
In Receive mode:
1 = A byte is received while the SSPxBUF register is still holding the previous byte (must be cleared
in software)
0 = No overflow
In Transmit mode: 
This is a “don’t care” bit in Transmit mode.
bit 5 SSPEN: Synchronous Serial Port Enable bit(1) 
1 = Enables the serial port and configures the SDAx and SCLx pins as the serial port pins 
0 = Disables serial port and configures these pins as I/O port pins
bit 4 CKP: SCKx Release Control bit 
In Slave mode: 
1 = Release clock 
0 = Holds clock low (clock stretch), used to ensure data setup time
In Master mode: 
Unused in this mode.
bit 3-0 SSPM<3:0>: Synchronous Serial Port Mode Select bits
1111 = I2C Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1110 = I2C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1011 = I2C Firmware Controlled Master mode (Slave Idle)
1000 = I2C Master mode, clock = FOSC/(4 * (SSPxADD + 1)) 
0111 = I2C Slave mode, 10-bit address
0110 = I2C Slave mode, 7-bit address
Bit combinations not specifically listed here are either reserved or implemented in SPI mode only.
Note 1: When enabled, the SDAx and SCLx pins must be configured as input.
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REGISTER 19-5: SSPxCON2: MSSPx CONTROL REGISTER 2 (I2C™ MODE)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GCEN ACKSTAT ACKDT(1) ACKEN(2) RCEN(2) PEN(2) RSEN(2) SEN(2)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 GCEN: General Call Enable bit (Slave mode only)   
1 = Enable interrupt when a general call address (0000h) is received in the SSPxSR 
0 = General call address disabled
bit 6 ACKSTAT: Acknowledge Status bit (Master Transmit mode only)
1 = Acknowledge was not received from slave 
0 = Acknowledge was received from slave 
bit 5 ACKDT: Acknowledge Data bit (Master Receive mode only)(1) 
1 = Not Acknowledge 
0 = Acknowledge 
bit 4 ACKEN: Acknowledge Sequence Enable bit (Master Receive mode only)(2) 
1 = Initiate Acknowledge sequence on SDAx and SCLx pins and transmit ACKDT data bit.
Automatically cleared by hardware. 
0 = Acknowledge sequence Idle
bit 3 RCEN: Receive Enable bit (Master mode only)(2) 
1 = Enables Receive mode for I2C 
0 = Receive Idle
bit 2 PEN: Stop Condition Enable bit (Master mode only)(2) 
1 = Initiate Stop condition on SDAx and SCLx pins. Automatically cleared by hardware. 
0 = Stop condition Idle
bit 1 RSEN: Repeated Start Condition Enable bit (Master mode only)(2) 
1 = Initiate Repeated Start condition on SDAx and SCLx pins. Automatically cleared by hardware. 
0 = Repeated Start condition Idle
bit 0 SEN: Start Condition Enable/Stretch Enable bit(2)
In Master mode:
1 = Initiate Start condition on SDAx and SCLx pins. Automatically cleared by hardware. 
0 = Start condition Idle
In Slave mode:
1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)
0 = Clock stretching is disabled
Note 1: Value that will be transmitted when the user initiates an Acknowledge sequence at the end of a receive.
2: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the I2C™ module is active, these bits may not be set (no 
spooling) and the SSPxBUF may not be written (or writes to the SSPxBUF are disabled).
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19.4.2 OPERATION
The MSSP module functions are enabled by setting
MSSP Enable bit, SSPEN (SSPxCON1<5>).
The SSPxCON1 register allows control of the I2C
operation. Four mode selection bits (SSPxCON1<3:0>)
allow one of the following I2C modes to be selected:
• I2C Master mode, clock
• I2C Slave mode (7-bit address)
• I2C Slave mode (10-bit address)
• I2C Slave mode (7-bit address) with Start and 
Stop bit interrupts enabled
• I2C Slave mode (10-bit address) with Start and 
Stop bit interrupts enabled
• I2C Firmware Controlled Master mode, slave is 
Idle
Selection of any I2C mode with the SSPEN bit set
forces the SCLx and SDAx pins to be open-drain,
provided these pins are programmed as inputs by
setting the appropriate TRISC or TRISD bits. To ensure
proper operation of the module, pull-up resistors must
be provided externally to the SCLx and SDAx pins.
19.4.3 SLAVE MODE
In Slave mode, the SCLx and SDAx pins must be
configured as inputs (TRISC<4:3> set). The MSSP
module will override the input state with the output data
when required (slave-transmitter).
The I2C Slave mode hardware will always generate an
interrupt on an address match. Through the mode
select bits, the user can also choose to interrupt on
Start and Stop bits 
When an address is matched, or the data transfer after
an address match is received, the hardware auto-
matically will generate the Acknowledge (ACK) pulse
and load the SSPxBUF register with the received value
currently in the SSPxSR register.
Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:
• The Buffer Full bit, BF (SSPxSTAT<0>), was set 
before the transfer was received.
• The overflow bit, SSPOV (SSPxCON1<6>), was 
set before the transfer was received.
In this case, the SSPxSR register value is not loaded
into the SSPxBUF, but bit SSPxIF is set. The BF bit is
cleared by reading the SSPxBUF register, while bit
SSPOV is cleared through software.
The SCLx clock input must have a minimum high and
low for proper operation. The high and low times of the
I2C specification, as well as the requirement of the
MSSP module, are shown in timing parameter 100 and
parameter 101.
19.4.3.1 Addressing
Once the MSSP module has been enabled, it waits for
a Start condition to occur. Following the Start condition,
the 8 bits are shifted into the SSPxSR register. All
incoming bits are sampled with the rising edge of the
clock (SCLx) line. The value of register SSPxSR<7:1>
is compared to the value of the SSPxADD register. The
address is compared on the falling edge of the eighth
clock (SCLx) pulse. If the addresses match and the BF
and SSPOV bits are clear, the following events occur:
1. The SSPxSR register value is loaded into the
SSPxBUF register.
2. The Buffer Full bit, BF, is set.
3. An ACK pulse is generated.
4. The MSSP Interrupt Flag bit, SSPxIF, is set (and
interrupt is generated, if enabled) on the falling
edge of the ninth SCLx pulse.
In 10-Bit Addressing mode, two address bytes need to
be received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPxSTAT<2>) must specify a write
so the slave device will receive the second address byte.
For a 10-bit address, the first byte would equal ‘11110
A9 A8 0’, where ‘A9’ and ‘A8’ are the two MSbs of the
address. The sequence of events for 10-bit address is as
follows, with steps 7 through 9 for the slave-transmitter:
1. Receive first (high) byte of address (bits SSPxIF,
BF and UA (SSPxSTAT<1>) are set on address
match).
2. Update the SSPxADD register with second (low)
byte of address (clears bit UA and releases the
SCLx line).
3. Read the SSPxBUF register (clears bit BF) and
clear flag bit SSPxIF.
4. Receive second (low) byte of address (bits
SSPxIF, BF and UA are set).
5. Update the SSPxADD register with the first
(high) byte of address. If match releases SCLx
line, this will clear bit UA.
6. Read the SSPxBUF register (clears bit BF) and
clear flag bit SSPxIF.
7. Receive Repeated Start condition.
8. Receive first (high) byte of address (bits SSPxIF
and BF are set).
9. Read the SSPxBUF register (clears bit BF) and
clear flag bit SSPxIF.
PIC18F8722 FAMILY
DS39646C-page 220 © 2008 Microchip Technology Inc.
19.4.3.2 Reception
When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPxSTAT
register is cleared. The received address is loaded into
the SSPxBUF register and the SDAx line is held low
(ACK). 
When the address byte overflow condition exists, then
the no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPxSTAT<0>) is
set, or bit SSPOV (SSPxCON1<6>) is set. 
An MSSP interrupt is generated for each data transfer
byte. The interrupt flag bit, SSPxIF, must be cleared in
software. The SSPxSTAT register is used to determine
the status of the byte.
If SEN is enabled (SSPxCON2<0> = 1), SCLx will be
held low (clock stretch) following each data transfer. The
clock must be released by setting bit, CKP
(SSPxCON1<4>). See Section 19.4.4 “Clock
Stretching” for more detail.
19.4.3.3 Transmission
When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPxSTAT register is set. The received address is
loaded into the SSPxBUF register. The ACK pulse will
be sent on the ninth bit and pin SCLx is held low regard-
less of SEN (see Section 19.4.4 “Clock Stretching”
for more detail). By stretching the clock, the master will
be unable to assert another clock pulse until the slave
is done preparing the transmit data. The transmit data
must be loaded into the SSPxBUF register which also
loads the SSPxSR register. Then pin SCLx should be
enabled by setting bit, CKP (SSPxCON1<4>). The
eight data bits are shifted out on the falling edge of the
SCLx input. This ensures that the SDAx signal is valid
during the SCLx high time (Figure 19-9).
The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCLx input pulse. If the
SDAx line is high (not ACK), then the data transfer is
complete. In this case, when the ACK is latched by the
slave, the slave logic is reset (resets SSPxSTAT
register) and the slave monitors for another occurrence
of the Start bit. If the SDAx line was low (ACK), the next
transmit data must be loaded into the SSPxBUF
register. Again, pin SCLx must be enabled by setting bit
CKP.
An MSSP interrupt is generated for each data transfer
byte. The SSPxIF bit must be cleared in software and
the SSPxSTAT register is used to determine the status
of the byte. The SSPxIF bit is set on the falling edge of
the ninth clock pulse.
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19.4.4 CLOCK STRETCHING
Both 7-Bit and 10-Bit Slave modes implement
automatic clock stretching during a transmit sequence.
The SEN bit (SSPxCON2<0>) allows clock stretching
to be enabled during receives. Setting SEN will cause
the SCLx pin to be held low at the end of each data
receive sequence.
19.4.4.1 Clock Stretching for 7-Bit Slave 
Receive Mode (SEN = 1)
In 7-Bit Slave Receive mode, on the falling edge of the
ninth clock at the end of the ACK sequence, if the BF
bit is set, the CKP bit in the SSPxCON1 register is
automatically cleared, forcing the SCLx output to be
held low. The CKP being cleared to ‘0’ will assert the
SCLx line low. The CKP bit must be set in the user’s
ISR before reception is allowed to continue. By holding
the SCLx line low, the user has time to service the ISR
and read the contents of the SSPxBUF before the
master device can initiate another receive sequence.
This will prevent buffer overruns from occurring (see
Figure 19-13).
19.4.4.2 Clock Stretching for 10-Bit Slave 
Receive Mode (SEN = 1)
In 10-Bit Slave Receive mode during the address
sequence, clock stretching automatically takes place
but CKP is not cleared. During this time, if the UA bit is
set after the ninth clock, clock stretching is initiated.
The UA bit is set after receiving the upper byte of the
10-bit address and following the receive of the second
byte of the 10-bit address with the R/W bit cleared to
‘0’. The release of the clock line occurs upon updating
SSPxADD. Clock stretching will occur on each data
receive sequence as described in 7-bit mode.
19.4.4.3 Clock Stretching for 7-Bit Slave 
Transmit Mode 
The 7-Bit Slave Transmit mode implements clock
stretching by clearing the CKP bit after the falling edge
of the ninth clock if the BF bit is clear. This occurs
regardless of the state of the SEN bit.
The user’s ISR must set the CKP bit before transmis-
sion is allowed to continue. By holding the SCLx line
low, the user has time to service the ISR and load the
contents of the SSPxBUF before the master device
can initiate another transmit sequence (see
Figure 19-9).
19.4.4.4 Clock Stretching for 10-Bit Slave 
Transmit Mode
In 10-Bit Slave Transmit mode, clock stretching is
controlled during the first two address sequences by
the state of the UA bit, just as it is in 10-Bit Slave
Receive mode. The first two addresses are followed
by a third address sequence which contains the
high-order bits of the 10-bit address and the R/W bit
set to ‘1’. After the third address sequence is
performed, the UA bit is not set, the module is now
configured in Transmit mode and clock stretching is
controlled by the BF flag as in 7-Bit Slave Transmit
mode (see Figure 19-11).
Note 1: If the user reads the contents of the
SSPxBUF before the falling edge of the
ninth clock, thus clearing the BF bit, the
CKP bit will not be cleared and clock
stretching will not occur.
2: The CKP bit can be set in software
regardless of the state of the BF bit. The
user should be careful to clear the BF bit
in the ISR before the next receive
sequence in order to prevent an overflow
condition.
Note: If the user polls the UA bit and clears it by
updating the SSPxADD register before the
falling edge of the ninth clock occurs and if
the user hasn’t cleared the BF bit by read-
ing the SSPxBUF register before that time,
then the CKP bit will still NOT be asserted
low. Clock stretching on the basis of the
state of the BF bit only occurs during a
data sequence, not an address sequence.
Note 1: If the user loads the contents of
SSPxBUF, setting the BF bit before the
falling edge of the ninth clock, the CKP bit
will not be cleared and clock stretching
will not occur.
2: The CKP bit can be set in software
regardless of the state of the BF bit.
PIC18F8722 FAMILY
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19.4.4.5 Clock Synchronization and 
the CKP bit
When the CKP bit is cleared, the SCLx output is forced
to ‘0’. However, clearing the CKP bit will not assert the
SCLx output low until the SCLx output is already
sampled low. Therefore, the CKP bit will not assert the
SCLx line until an external I2C master device has
already asserted the SCLx line. The SCLx output will
remain low until the CKP bit is set and all other
devices on the I2C bus have deasserted SCLx. This
ensures that a write to the CKP bit will not violate the
minimum high time requirement for SCLx (see
Figure 19-12).
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19.4.5 GENERAL CALL ADDRESS 
SUPPORT
The addressing procedure for the I2C bus is such that
the first byte after the Start condition usually
determines which device will be the slave addressed by
the master. The exception is the general call address
which can address all devices. When this address is
used, all devices should, in theory, respond with an
Acknowledge.
The general call address is one of eight addresses
reserved for specific purposes by the I2C protocol. It
consists of all ‘0’s with R/W = 0.
The general call address is recognized when the
General Call Enable bit, GCEN, is enabled
(SSPxCON2<7> set). Following a Start bit detect, 8 bits
are shifted into the SSPxSR and the address is
compared against the SSPxADD. It is also compared to
the general call address and fixed in hardware. 
If the general call address matches, the SSPxSR is
transferred to the SSPxBUF, the BF flag bit is set
(eighth bit) and on the falling edge of the ninth bit (ACK
bit), the SSPxIF interrupt flag bit is set.
When the interrupt is serviced, the source for the
interrupt can be checked by reading the contents of the
SSPxBUF. The value can be used to determine if the
address was device specific or a general call address.
In 10-bit mode, the SSPxADD is required to be updated
for the second half of the address to match and the UA
bit is set (SSPxSTAT<1>). If the general call address is
sampled when the GCEN bit is set, while the slave is
configured in 10-Bit Addressing mode, then the second
half of the address is not necessary, the UA bit will not
be set and the slave will begin receiving data after the
Acknowledge (Figure 19-15). 
FIGURE 19-15: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE 











Address is compared to General Call Address
GCEN (SSPxCON2<7>)
Receiving Data ACK
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
D7 D6 D5 D4 D3 D2 D1 D0
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19.4.6 MASTER MODE
Master mode is enabled by setting and clearing the
appropriate SSPM bits in SSPxCON1 and by setting
the SSPEN bit. In Master mode, the SCLx and SDAx
lines are manipulated by the MSSP hardware if the
TRIS bits are set.
Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop con-
ditions. The Stop (P) and Start (S) bits are cleared from
a Reset or when the MSSP module is disabled. Control
of the I2C bus may be taken when the P bit is set, or the
bus is Idle, with both the S and P bits clear.
In Firmware Controlled Master mode, user code
conducts all I2C bus operations based on Start and
Stop bit conditions.
Once Master mode is enabled, the user has six
options.
1. Assert a Start condition on SDAx and SCLx.
2. Assert a Repeated Start condition on SDAx and
SCLx.
3. Write to the SSPxBUF register initiating
transmission of data/address.
4. Configure the I2C port to receive data.
5. Generate an Acknowledge condition at the end
of a received byte of data.
6. Generate a Stop condition on SDAx and SCLx.
The following events will cause the SSP Interrupt Flag
bit, SSPxIF, to be set (and SSP interrupt, if enabled):
• Start condition
• Stop condition
• Data transfer byte transmitted/received
• Acknowledge transmit
• Repeated Start
FIGURE 19-16: MSSP BLOCK DIAGRAM (I2C™ MASTER MODE)         
Note: The MSSP module, when configured in
I2C Master mode, does not allow queueing
of events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPxBUF register to
initiate transmission before the Start condi-
tion is complete. In this case, the
SSPxBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPxBUF did not occur.
Read Write
SSPxSR
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19.4.6.1 I2C Master Mode Operation
The master device generates all of the serial clock
pulses and the Start and Stop conditions.   A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the I2C bus will
not be released.
In Master Transmitter mode, serial data is output
through SDAx, while SCLx outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. Start and Stop
conditions are output to indicate the beginning and the
end of a serial transfer.
In Master Receive mode, the first byte transmitted
contains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address, followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDAx, while SCLx outputs
the serial clock. Serial data is received 8 bits at a time.
After each byte is received, an Acknowledge bit is
transmitted. Start and Stop conditions indicate the
beginning and end of transmission.
The Baud Rate Generator used for the SPI mode
operation is used to set the SCLx clock frequency for
either 100 kHz, 400 kHz or 1 MHz I2C operation. See
Section 19.4.7 “Baud Rate” for more detail.
A typical transmit sequence would go as follows:
1. The user generates a Start condition by setting
the Start Enable bit, SEN (SSPxCON2<0>).
2. SSPxIF is set. The MSSP module will wait the
required start time before any other operation
takes place.
3. The user loads the SSPxBUF with the slave
address to transmit.
4. Address is shifted out the SDAx pin until all 8 bits
are transmitted.
5. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPxCON2 register (SSPxCON2<6>).
6. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the
SSPxIF bit.
7. The user loads the SSPxBUF with eight bits of
data. 
8. Data is shifted out the SDAx pin until all 8 bits
are transmitted.
9. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPxCON2 register (SSPxCON2<6>).
10. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the
SSPxIF bit.
11. The user generates a Stop condition by setting
the Stop Enable bit, PEN (SSPxCON2<2>).
12. Interrupt is generated once the Stop condition is
complete.
PIC18F8722 FAMILY
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19.4.7 BAUD RATE 
In I2C Master mode, the Baud Rate Generator (BRG)
reload value is placed in the lower 7 bits of the
SSPxADD register (Figure 19-17). When a write
occurs to SSPxBUF, the Baud Rate Generator will
automatically begin counting. The BRG counts down to
‘0’ and stops until another reload has taken place. The
BRG count is decremented twice per instruction cycle
(TCY) on the Q2 and Q4 clocks. In I2C Master mode, the
BRG is reloaded automatically. 
Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCLx pin
will remain in its last state. 
Table 19-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPxADD.
19.4.7.1 Baud Rate and Module 
Interdependence
Because MSSP1 and MSSP2 are independent, they
can operate simultaneously in I2C Master mode at
different baud rates. This is done by using different
BRG reload values for each module.
Because this mode derives its basic clock source from
the system clock, any changes to the clock will affect
both modules in the same proportion. It may be
possible to change one or both baud rates back to a
previous value by changing the BRG reload value. 
FIGURE 19-17: BAUD RATE GENERATOR BLOCK DIAGRAM       
TABLE 19-3: I2C™ CLOCK RATE w/BRG
SSPM<3:0>







FOSC FCY FCY*2 BRG Value
FSCL 
(2 Rollovers of BRG)
40 MHz 10 MHz 20 MHz 18h 400 kHz(1)
40 MHz 10 MHz 20 MHz 1Fh 312.5 kHz
40 MHz 10 MHz 20 MHz 63h 100 kHz
16 MHz 4 MHz 8 MHz 09h 400 kHz(1)
16 MHz 4 MHz 8 MHz 0Ch 308 kHz
16 MHz 4 MHz 8 MHz 27h 100 kHz
4 MHz 1 MHz 2 MHz 02h 333 kHz(1)
4 MHz 1 MHz 2 MHz 09h 100 kHz
4 MHz 1 MHz 2 MHz 00h 1 MHz(1)
Note 1: The I2C interface does not conform to the 400 kHz I2C specification (which applies to rates greater than 
100 kHz) in all details, but may be used with care where higher rates are required by the application.
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19.4.7.2 Clock Arbitration
Clock arbitration occurs when the master, during any
receive, transmit or Repeated Start/Stop condition,
deasserts the SCLx pin (SCLx allowed to float high).
When the SCLx pin is allowed to float high, the Baud
Rate Generator (BRG) is suspended from counting
until the SCLx pin is actually sampled high. When the
SCLx pin is sampled high, the Baud Rate Generator is
reloaded with the contents of SSPxADD<6:0> and
begins counting. This ensures that the SCLx high time
will always be at least one BRG rollover count in the
event that the clock is held low by an external device
(Figure 19-18).
FIGURE 19-18: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION        
SDAx
SCLx
SCLx deasserted but slave holds
DX – 1DX
BRG
SCLx is sampled high, reload takes
place and BRG starts its count




SCLx low (clock arbitration)
SCLx allowed to transition high
BRG decrements on
Q2 and Q4 cycles
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19.4.8 I2C MASTER MODE START 
CONDITION TIMING
To initiate a Start condition, the user sets the Start
Enable bit, SEN (SSPxCON2<0>). If the SDAx and
SCLx pins are sampled high, the Baud Rate Generator
is reloaded with the contents of SSPxADD<6:0> and
starts its count. If SCLx and SDAx are both sampled
high when the Baud Rate Generator times out (TBRG),
the SDAx pin is driven low. The action of the SDAx
being driven low while SCLx is high is the Start condi-
tion and causes the S bit (SSPxSTAT<3>) to be set.
Following this, the Baud Rate Generator is reloaded
with the contents of SSPxADD<6:0> and resumes its
count. When the Baud Rate Generator times out
(TBRG), the SEN bit (SSPxCON2<0>) will be auto-
matically cleared by hardware; the Baud Rate Generator
is suspended, leaving the SDAx line held low and the
Start condition is complete. 
 
19.4.8.1 WCOL Status Flag
If the user writes the SSPxBUF when a Start sequence
is in progress, the WCOL bit is set and the contents of
the buffer are unchanged (the write doesn’t occur).    
FIGURE 19-19: FIRST START BIT TIMING        
Note: If at the beginning of the Start condition,
the SDAx and SCLx pins are already sam-
pled low, or if during the Start condition, the
SCLx line is sampled low before the SDAx
line is driven low, a bus collision occurs,
the Bus Collision Interrupt Flag, BCLxIF, is
set, the Start condition is aborted and the
I2C module is reset into its Idle state.
Note: Because queueing of events is not
allowed, writing to the lower 5 bits of






1st bit 2nd bit
TBRG
SDAx = 1, 
At completion of Start bit,
SCLx = 1
Write to SSPxBUF occurs hereTBRG
hardware clears SEN bit
TBRG
Write to SEN bit occurs here
Set S bit (SSPxSTAT<3>)
    and sets SSPxIF bit
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19.4.9 I2C MASTER MODE REPEATED 
START CONDITION TIMING
A Repeated Start condition occurs when the RSEN bit
(SSPxCON2<1>) is programmed high and the I2C logic
module is in the Idle state. When the RSEN bit is set,
the SCLx pin is asserted low. When the SCLx pin is
sampled low, the Baud Rate Generator is loaded with
the contents of SSPxADD<5:0> and begins counting.
The SDAx pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate
Generator times out, if SDAx is sampled high, the SCLx
pin will be deasserted (brought high). When SCLx is
sampled high, the Baud Rate Generator is reloaded
with the contents of SSPxADD<6:0> and begins count-
ing. SDAx and SCLx must be sampled high for one
TBRG. This action is then followed by assertion of the
SDAx pin (SDAx = 0) for one TBRG while SCLx is high.
Following this, the RSEN bit (SSPxCON2<1>) will be
automatically cleared and the Baud Rate Generator will
not be reloaded, leaving the SDAx pin held low. As
soon as a Start condition is detected on the SDAx and
SCLx pins, the S bit (SSPxSTAT<3>) will be set. The
SSPxIF bit will not be set until the Baud Rate Generator
has timed out. 
Immediately following the SSPxIF bit getting set, the
user may write the SSPxBUF with the 7-bit address in
7-bit mode or the default first address in 10-bit mode.
After the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode) or eight bits of data (7-bit
mode).
19.4.9.1 WCOL Status Flag
If the user writes the SSPxBUF when a Repeated Start
sequence is in progress, the WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).      
FIGURE 19-20: REPEATED START CONDITION WAVEFORM       
Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.
2: A bus collision during the Repeated Start
condition occurs if: 
• SDAx is sampled low when SCLx 
goes from low-to-high.
• SCLx goes low before SDAx is 
asserted low. This may indicate that 
another master is attempting to 
transmit a data ‘1’.
Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPxCON2 is disabled until the Repeated
Start condition is complete.
SDAx
SCLx
Sr = Repeated Start
Write to SSPxCON2 
Write to SSPxBUF occurs here
on falling edge of ninth clock,
end of Xmit
At completion of Start bit, 
hardware clears RSEN bit
1st bit
S bit set by hardware
TBRG
SDAx = 1,
SDAx = 1, 
SCLx (no change).
SCLx = 1occurs here:
     and sets SSPxIF
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19.4.10 I2C MASTER MODE TRANSMISSION
Transmission of a data byte, a 7-bit address, or the
other half of a 10-bit address, is accomplished by sim-
ply writing a value to the SSPxBUF register. This action
will set the Buffer Full flag bit, BF and allow the Baud
Rate Generator to begin counting and start the next
transmission. Each bit of address/data will be shifted
out onto the SDAx pin after the falling edge of SCLx is
asserted (see data hold time specification
parameter 106). SCLx is held low for one Baud Rate
Generator rollover count (TBRG). Data should be valid
before SCLx is released high (see data setup time
specification parameter 107). When the SCLx pin is
released high, it is held that way for TBRG. The data on
the SDAx pin must remain stable for that duration and
some hold time after the next falling edge of SCLx.
After the eighth bit is shifted out (the falling edge of the
eighth clock), the BF flag is cleared and the master
releases SDAx. This allows the slave device being
addressed to respond with an ACK bit during the ninth
bit time if an address match occurred, or if data was
received properly. The status of ACK is written into the
ACKDT bit on the falling edge of the ninth clock. If the
master receives an Acknowledge, the Acknowledge
Status bit, ACKSTAT, is cleared. If not, the bit is set.
After the ninth clock, the SSPxIF bit is set and the
master clock (Baud Rate Generator) is suspended until
the next data byte is loaded into the SSPxBUF, leaving
SCLx low and SDAx unchanged (Figure 19-21).
After the write to the SSPxBUF, each bit of the address
will be shifted out on the falling edge of SCLx until all
seven address bits and the R/W bit are completed. On
the falling edge of the eighth clock, the master will
deassert the SDAx pin, allowing the slave to respond
with an Acknowledge. On the falling edge of the ninth
clock, the master will sample the SDAx pin to see if the
address was recognized by a slave. The status of the
ACK bit is loaded into the ACKSTAT status bit
(SSPxCON2<6>). Following the falling edge of the
ninth clock transmission of the address, the SSPxIF is
set, the BF flag is cleared and the Baud Rate Generator
is turned off until another write to the SSPxBUF takes
place, holding SCLx low and allowing SDAx to float.
19.4.10.1 BF Status Flag
In Transmit mode, the BF bit (SSPxSTAT<0>) is set
when the CPU writes to SSPxBUF and is cleared when
all 8 bits are shifted out.
19.4.10.2 WCOL Status Flag
If the user writes the SSPxBUF when a transmit is
already in progress (i.e., SSPxSR is still shifting out a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write doesn’t occur) after
2 TCY after the SSPxBUF write. If SSPxBUF is rewritten
within 2 TCY, the WCOL bit is set and SSPxBUF is
updated. This may result in a corrupted transfer. 
The user should verify that the WCOL bit is clear after
each write to SSPxBUF to ensure the transfer is correct.
In all cases, WCOL must be cleared in software.
19.4.10.3 ACKSTAT Status Flag
In Transmit mode, the ACKSTAT bit (SSPxCON2<6>)
is cleared when the slave has sent an Acknowledge
(ACK = 0) and is set when the slave does not Acknowl-
edge (ACK = 1). A slave sends an Acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.
19.4.11 I2C MASTER MODE RECEPTION
Master mode reception is enabled by programming the
Receive Enable bit, RCEN (SSPxCON2<3>).       
The Baud Rate Generator begins counting and on each
rollover, the state of the SCLx pin changes
(high-to-low/low-to-high) and data is shifted into the
SSPxSR. After the falling edge of the eighth clock, the
receive enable flag is automatically cleared, the con-
tents of the SSPxSR are loaded into the SSPxBUF, the
BF flag bit is set, the SSPxIF flag bit is set and the Baud
Rate Generator is suspended from counting, holding
SCLx low. The MSSP is now in Idle state awaiting the
next command. When the buffer is read by the CPU,
the BF flag bit is automatically cleared. The user can
then send an Acknowledge bit at the end of reception
by setting the Acknowledge Sequence Enable bit,
ACKEN (SSPxCON2<4>).
19.4.11.1 BF Status Flag
In receive operation, the BF bit is set when an address
or data byte is loaded into SSPxBUF from SSPxSR. It
is cleared when the SSPxBUF register is read.
19.4.11.2 SSPOV Status Flag
In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPxSR and the BF flag bit is
already set from a previous reception.
19.4.11.3 WCOL Status Flag
If the user writes the SSPxBUF when a receive is
already in progress (i.e., SSPxSR is still shifting in a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write doesn’t occur).
Note: The MSSP module must be in an inactive
state before the RCEN bit is set or the
RCEN bit will be disregarded. 
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19.4.12 ACKNOWLEDGE SEQUENCE 
TIMING
An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN
(SSPxCON2<4>). When this bit is set, the SCLx pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDAx pin. If the user wishes to
generate an Acknowledge, then the ACKDT bit should
be cleared. If not, the user should set the ACKDT bit
before starting an Acknowledge sequence. The Baud
Rate Generator then counts for one rollover period
(TBRG) and the SCLx pin is deasserted (pulled high).
When the SCLx pin is sampled high (clock arbitration),
the Baud Rate Generator counts for TBRG. The SCLx pin
is then pulled low. Following this, the ACKEN bit is auto-
matically cleared, the Baud Rate Generator is turned off
and the MSSP module then goes into an inactive state
(Figure 19-23).
19.4.12.1 WCOL Status Flag
If the user writes the SSPxBUF when an Acknowledge
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).
19.4.13 STOP CONDITION TIMING
A Stop bit is asserted on the SDAx pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN (SSPxCON2<2>). At the end of a
receive/transmit, the SCLx line is held low after the
falling edge of the ninth clock. When the PEN bit is set,
the master will assert the SDAx line low. When the
SDAx line is sampled low, the Baud Rate Generator is
reloaded and counts down to ‘0’. When the Baud Rate
Generator times out, the SCLx pin will be brought high
and one TBRG (Baud Rate Generator rollover count)
later, the SDAx pin will be deasserted. When the SDAx
pin is sampled high while SCLx is high, the P bit
(SSPxSTAT<4>) is set. A TBRG later, the PEN bit is
cleared and the SSPxIF bit is set (Figure 19-24).
19.4.13.1 WCOL Status Flag
If the user writes the SSPxBUF when a Stop sequence
is in progress, then the WCOL bit is set and the
contents of the buffer are unchanged (the write doesn’t
occur).
FIGURE 19-23: ACKNOWLEDGE SEQUENCE WAVEFORM         
FIGURE 19-24: STOP CONDITION RECEIVE OR TRANSMIT MODE       
Note: TBRG = one Baud Rate Generator period.
SDAx
SCLx
SSPxIF set at 





the end of receive
8















SCLx = 1 for TBRG, followed by SDAx = 1 for TBRG
9th clock
SCLx brought high after TBRG
Note: TBRG = one Baud Rate Generator period.
TBRG TBRG
after SDAx sampled high. P bit (SSPxSTAT<4>) is set. 
TBRG




PEN bit (SSPxCON2<2>) is cleared by
   hardware and the SSPxIF bit is set
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19.4.14 SLEEP OPERATION
While in Sleep mode, the I2C module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).
19.4.15 EFFECTS OF A RESET
A Reset disables the MSSP module and terminates the
current transfer.
19.4.16 MULTI-MASTER MODE
In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the I2C bus may
be taken when the P bit (SSPxSTAT<4>) is set, or the
bus is Idle, with both the S and P bits clear. When the
bus is busy, enabling the MSSP interrupt will generate
the interrupt when the Stop condition occurs.
In multi-master operation, the SDAx line must be
monitored for arbitration to see if the signal level is the
expected output level. This check is performed in
hardware with the result placed in the BCLxIF bit.
The states where arbitration can be lost are:
• Address Transfer 
• Data Transfer
• A Start Condition 
• A Repeated Start Condition
• An Acknowledge Condition
19.4.17 MULTI -MASTER COMMUNICATION, 
BUS COLLISION AND BUS 
ARBITRATION
Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDAx pin, arbitration takes place when the master
outputs a ‘1’ on SDAx, by letting SDAx float high and
another master asserts a ‘0’. When the SCLx pin floats
high, data should be stable. If the expected data on
SDAx is a ‘1’ and the data sampled on the SDAx
pin = 0, then a bus collision has taken place. The
master will set the Bus Collision Interrupt Flag, BCLxIF
and reset the I2C port to its Idle state (Figure 19-25).
If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDAx and SCLx lines are deasserted and
the SSPxBUF can be written to. When the user services
the bus collision Interrupt Service Routine and if the I2C
bus is free, the user can resume communication by
asserting a Start condition. 
If a Start, Repeated Start, Stop or Acknowledge condition
was in progress when the bus collision occurred, the con-
dition is aborted, the SDAx and SCLx lines are
deasserted and the respective control bits in the
SSPxCON2 register are cleared. When the user services
the bus collision Interrupt Service Routine and if the I2C
bus is free, the user can resume communication by
asserting a Start condition.
The master will continue to monitor the SDAx and SCLx
pins. If a Stop condition occurs, the SSPxIF bit will be set.
A write to the SSPxBUF will start the transmission of
data at the first data bit regardless of where the
transmitter left off when the bus collision occurred.
In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the deter-
mination of when the bus is free. Control of the I2C bus
can be taken when the P bit is set in the SSPxSTAT
register, or the bus is Idle and the S and P bits are
cleared.





SDAx line pulled low
by another source
Sample SDAx. While SCLx is high,
data doesn’t match what is driven 






while SCLx = 0
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19.4.17.1 Bus Collision During a Start 
Condition
During a Start condition, a bus collision occurs if:
a) SDAx or SCLx are sampled low at the beginning
of the Start condition (Figure 19-26).
b) SCLx is sampled low before SDAx is asserted
low (Figure 19-27).
During a Start condition, both the SDAx and the SCLx
pins are monitored. 
If the SDAx pin is already low, or the SCLx pin is
already low, then all of the following occur:
• the Start condition is aborted, 
• the BCLxIF flag is set and
• the MSSP module is reset to its inactive state 
(Figure 19-26). 
The Start condition begins with the SDAx and SCLx
pins deasserted. When the SDAx pin is sampled high,
the Baud Rate Generator is loaded from
SSPxADD<6:0> and counts down to ‘0’. If the SCLx pin
is sampled low while SDAx is high, a bus collision
occurs because it is assumed that another master is
attempting to drive a data ‘1’ during the Start condition. 
If the SDAx pin is sampled low during this count, the
BRG is reset and the SDAx line is asserted early
(Figure 19-28). If, however, a ‘1’ is sampled on the
SDAx pin, the SDAx pin is asserted low at the end of
the BRG count. The Baud Rate Generator is then
reloaded and counts down to ‘0’. If the SCLx pin is
sampled as ‘0’ during this time, a bus collision does not
occur. At the end of the BRG count, the SCLx pin is
asserted low.      
FIGURE 19-26: BUS COLLISION DURING START CONDITION (SDAx ONLY)      
Note: The reason that bus collision is not a factor
during a Start condition is that no two bus
masters can assert a Start condition at the
exact same time. Therefore, one master
will always assert SDAx before the other.
This condition does not cause a bus colli-
sion because the two masters must be
allowed to arbitrate the first address
following the Start condition. If the address
is the same, arbitration must be allowed to
continue into the data portion, Repeated




SDAx sampled low before 
SDAx goes low before the SEN bit is set.
S bit and SSPxIF set because
MSSP module reset into Idle state.
SEN cleared automatically because of bus collision. 
S bit and SSPxIF set because
Set SEN, enable Start
condition if SDAx = 1, SCLx = 1




SDAx = 0, SCLx = 1.
SSPxIF and BCLxIF are
cleared in software
SSPxIF and BCLxIF are
cleared in software
Set BCLxIF,
Start condition. Set BCLxIF.
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FIGURE 19-27: BUS COLLISION DURING START CONDITION (SCLx = 0)      




bus collision occurs. Set BCLxIF.
SCLx = 0 before SDAx = 0,
Set SEN, enable Start
sequence if SDAx = 1, SCLx = 1
TBRG TBRG






bus collision occurs. Set BCLxIF.
















SDAx = 0, SCLx = 1,




SDAx pulled low by other master.
Reset BRG and assert SDAx.
Set SEN, enable START
sequence if SDAx = 1, SCLx = 1
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19.4.17.2 Bus Collision During a Repeated 
Start Condition
During a Repeated Start condition, a bus collision
occurs if: 
a) A low level is sampled on SDAx when SCLx
goes from low level to high level.
b) SCLx goes low before SDAx is asserted low,
indicating that another master is attempting to
transmit a data ‘1’.
When the user deasserts SDAx and the pin is allowed
to float high, the BRG is loaded with SSPxADD<6:0>
and counts down to ‘0’. The SCLx pin is then
deasserted and when sampled high, the SDAx pin is
sampled. 
If SDAx is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data ‘0’, Figure 19-29).
If SDAx is sampled high, the BRG is reloaded and
begins counting. If SDAx goes from high-to-low before
the BRG times out, no bus collision occurs because no
two masters can assert SDAx at exactly the same time. 
If SCLx goes from high-to-low before the BRG times
out and SDAx has not already been asserted, a bus
collision occurs. In this case, another master is
attempting to transmit a data ‘1’ during the Repeated
Start condition (see Figure 19-30).
If, at the end of the BRG time-out, both SCLx and SDAx
are still high, the SDAx pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCLx pin, the SCLx pin is
driven low and the Repeated Start condition is complete. 
FIGURE 19-29: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)        







Sample SDAx when SCLx goes high.












SCLx goes low before SDAx,
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19.4.17.3 Bus Collision During a Stop 
Condition
Bus collision occurs during a Stop condition if:
a) After the SDAx pin has been deasserted and
allowed to float high, SDAx is sampled low after
the BRG has timed out.
b) After the SCLx pin is deasserted, SCLx is
sampled low before SDAx goes high.
The Stop condition begins with SDAx asserted low.
When SDAx is sampled low, the SCLx pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with
SSPxADD<6:0> and counts down to ‘0’. After the BRG
times out, SDAx is sampled. If SDAx is sampled low, a
bus collision has occurred. This is due to another
master attempting to drive a data ‘0’ (Figure 19-31). If
the SCLx pin is sampled low before SDAx is allowed to
float high, a bus collision occurs. This is another case
of another master attempting to drive a data ‘0’
(Figure 19-32). 
FIGURE 19-31: BUS COLLISION DURING A STOP CONDITION (CASE 1)      


























© 2008 Microchip Technology Inc. DS39646C-page 245
PIC18F8722 FAMILY
TABLE 19-4: REGISTERS ASSOCIATED WITH I2C™ OPERATION       




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 60
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 60
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMR4IF CCP5IF CCP4IF CCP3IF 60
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE CCP5IE CCP4IE CCP3IE 60
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP CCP5IP CCP4IP CCP3IP 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISD0 60
SSP1BUF MSSP1 Receive Buffer/Transmit Register 58
SSP2BUF MSSP2 Receive Buffer/Transmit Register 61
SSP1ADD MSSP1 Address Register in I2C™ Slave mode. MSSP1 Baud Rate Reload Register in I2C 
Master mode.
58
SSP2ADD MSSP2 Address Register in I2C Slave mode. MSSP2 Baud Rate Reload Register in I2C 
Master mode.
61
TMR2 Timer2 Register 58
PR2 Timer2 Period Register 58
SSP1CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 58
SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 58
SSP1STAT SMP CKE D/A P S R/W UA BF 58
SSP2CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 61
SSP2CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 61
SSP2STAT SMP CKE D/A P S R/W UA BF 61
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the MSSP module in I2C mode.
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NOTES:
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20.0 ENHANCED UNIVERSAL 
SYNCHRONOUS RECEIVER 
TRANSMITTER (EUSART)
The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is one of two
serial I/O modules. (Generically, the USART is also
known as a Serial Communications Interface or SCI.)
The EUSART can be configured as a full-duplex
asynchronous system that can communicate with
peripheral devices, such as CRT terminals and
personal computers. It can also be configured as a half-
duplex synchronous system that can communicate
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMs, etc.
The Enhanced USART module implements additional
features, including automatic baud rate detection and
calibration, automatic wake-up on Sync Break recep-
tion and 12-bit Break Character transmit. These make
it ideally suited for use in Local Interconnect Network
bus (LIN bus) systems.
The EUSART can be configured in the following
modes:
• Asynchronous (full duplex) with:
- Auto-Wake-up on Character Reception
- Auto-Baud Calibration
- 12-bit Break Character Transmission
• Synchronous – Master (half duplex) with 
Selectable Clock Polarity
• Synchronous – Slave (half duplex) with 
Selectable Clock Polarity
The pins of EUSART1 and EUSART2 are multiplexed
with the functions of PORTC (RC6/TX1/CK1 and RC7/
RX1/DT1) and PORTG (RG1/TX2/CK2 and RG2/RX2/
DT2), respectively. In order to configure these pins as
an EUSART:
• For EUSART1:
- bit SPEN (RCSTA1<7>) must be set (= 1)
- bit TRISC<7> must be set (= 1)
- bit TRISC<6> must be cleared (= 0) for 
Asynchronous and Synchronous Master 
modes
- bit TRISC<6> must be set (= 1) for 
Synchronous Slave mode
• For EUSART2:
- bit SPEN (RCSTA2<7>) must be set (= 1)
- bit TRISG<2> must be set (= 1)
- bit TRISG<1> must be cleared (= 0) for 
Asynchronous and Synchronous Master 
modes
- bit TRISC<6> must be set (= 1) for 
Synchronous Slave mode
The operation of each Enhanced USART module is
controlled through three registers:
• Transmit Status and Control (TXSTAx)
• Receive Status and Control (RCSTAx)
• Baud Rate Control (BAUDCONx)
These are detailed on the following pages in
Register 20-1, Register 20-2 and Register 20-3,
respectively.
Note: The EUSART control will automatically
reconfigure the pin from input to output as
needed.
Note: Throughout this section, references to
register and bit names that may be associ-
ated with a specific EUSART module are
referred to generically by the use of ‘x’ in
place of the specific module number.
Thus, “RCSTAx” might refer to the
Receive Status register for either
EUSART1 or EUSART2
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REGISTER 20-1: TXSTAx: TRANSMIT STATUS AND CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown




1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
bit 6 TX9: 9-bit Transmit Enable bit 
1 = Selects 9-bit transmission 
0 = Selects 8-bit transmission 
bit 5 TXEN: Transmit Enable bit 
1 = Transmit enabled
0 = Transmit disabled 
Note: SREN/CREN overrides TXEN in Sync mode.
bit 4 SYNC: EUSART Mode Select bit 
1 = Synchronous mode 
0 = Asynchronous mode
bit 3 SENDB: Send Break Character bit
Asynchronous mode:
1 = Send Sync Break on next transmission (cleared by hardware upon completion)
0 = Sync Break transmission completed
Synchronous mode:
Don’t care.
bit 2 BRGH: High Baud Rate Select bit 
Asynchronous mode: 
1 = High speed 
0 = Low speed
Synchronous mode: 
Unused in this mode.
bit 1 TRMT: Transmit Shift Register Status bit
1 = TSRx empty 
0 = TSRx full 
bit 0 TX9D: Ninth bit of Transmit Data
Can be address/data bit or a parity bit.
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REGISTER 20-2: RCSTAx: RECEIVE STATUS AND CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 SPEN: Serial Port Enable bit
1 = Serial port enabled (configures RXx/DTx and TXx/CKx pins as serial port pins)
0 = Serial port disabled (held in Reset) 
bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception 
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit 
Asynchronous mode: 
Don’t care.
Synchronous mode – Master: 
1 = Enables single receive
0 = Disables single receive 
This bit is cleared after reception is complete.
Synchronous mode – Slave:   
Don’t care.
bit 4 CREN: Continuous Receive Enable bit 
Asynchronous mode: 
1 = Enables receiver
0 = Disables receiver
Synchronous mode: 
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN) 
0 = Disables continuous receive
bit 3 ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enables interrupt and loads the receive buffer when RSRx<8> is set
0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit
Asynchronous mode 9-bit (RX9 = 0):
Don’t care.
bit 2 FERR: Framing Error bit   
1 = Framing error (can be updated by reading RCREGx register and receiving next valid byte)
0 = No framing error 
bit 1 OERR: Overrun Error bit   
1 = Overrun error (can be cleared by clearing bit CREN) 
0 = No overrun error 
bit 0 RX9D: 9th bit of Received Data 
This can be address/data bit or a parity bit and must be calculated by user firmware.
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REGISTER 20-3: BAUDCONx: BAUD RATE CONTROL REGISTER
R/W-0 R-1 U-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 ABDOVF: Auto-Baud Acquisition Rollover Status bit
1 = A BRG rollover has occurred during Auto-Baud Rate Detect mode (must be cleared in software)
0 = No BRG rollover has occurred
bit 6 RCIDL: Receive Operation Idle Status bit
1 = Receive operation is inactive
0 = Receive operation is active
bit 5 Unimplemented: Read as ‘0’
bit 4 SCKP: Synchronous Clock Polarity Select bit
Asynchronous mode:
Unused in this mode.
Synchronous mode:
1 = Idle state for clock (CKx) is a high level
0 = Idle state for clock (CKx) is a low level
bit 3 BRG16: 16-bit Baud Rate Register Enable bit
1 = 16-bit Baud Rate Generator – SPBRGHx and SPBRGx
0 = 8-bit Baud Rate Generator – SPBRGx only (Compatible mode), SPBRGHx value ignored
bit 2 Unimplemented: Read as ‘0’
bit 1 WUE: Wake-up Enable bit
Asynchronous mode:
1 = EUSART will continue to sample the RXx pin – interrupt generated on falling edge; bit cleared in
hardware on following rising edge
0 = RXx pin not monitored or rising edge detected
Synchronous mode:
Unused in this mode.
bit 0 ABDEN: Auto-Baud Detect Enable bit
Asynchronous mode:
1 = Enable baud rate measurement on the next character. Requires reception of a Sync field (55h);
cleared in hardware upon completion.
0 = Baud rate measurement disabled or completed
Synchronous mode:
Unused in this mode.
© 2008 Microchip Technology Inc. DS39646C-page 251
PIC18F8722 FAMILY
20.1  Baud Rate Generator (BRG)
The BRG is a dedicated 8-bit or 16-bit generator that
supports both the Asynchronous and Synchronous
modes of the EUSART. By default, the BRG operates
in 8-bit mode; setting the BRG16 bit (BAUDCONx<3>)
selects 16-bit mode.
The SPBRGHx:SPBRGx register pair controls the
period of a free running timer. In Asynchronous mode,
bits BRGH (TXSTAx<2>) and BRG16
(BAUDCONx<3>) also control the baud rate. In
Synchronous mode, BRGH is ignored. Table 20-1
shows the formula for computation of the baud rate for
different EUSART modes which only apply in Master
mode (internally generated clock).
Given the desired baud rate and FOSC, the nearest
integer value for the SPBRGHx:SPBRGx registers can
be calculated using the formulas in Table 20-1. From
this, the error in baud rate can be determined. An
example calculation is shown in Example 20-1. Typical
baud rates and error values for the various Asynchro-
nous modes are shown in Table 20-2. It may be
advantageous to use the high baud rate (BRGH = 1) or
the 16-bit BRG to reduce the baud rate error, or
achieve a slow baud rate for a fast oscillator frequency.
Writing a new value to the SPBRGHx:SPBRGx regis-
ters causes the BRG timer to be reset (or cleared). This
ensures the BRG does not wait for a timer overflow
before outputting the new baud rate.
20.1.1 OPERATION IN POWER-MANAGED 
MODES
The device clock is used to generate the desired baud
rate. When one of the power-managed modes is
entered, the new clock source may be operating at a
different frequency. This may require an adjustment to
the value in the SPBRGx register pair.
20.1.2 SAMPLING
The data on the RXx pin (either RC7/RX1/DT1 or RG2/
RX2/DT2) is sampled three times by a majority detect
circuit to determine if a high or a low level is present at
the RXx pin.
TABLE 20-1: BAUD RATE FORMULAS
Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH
0 0 0 8-bit/Asynchronous FOSC/[64 (n + 1)]
0 0 1 8-bit/Asynchronous
FOSC/[16 (n + 1)]0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
FOSC/[4 (n + 1)]1 0 x 8-bit/Synchronous
1 1 x 16-bit/Synchronous
Legend: x = Don’t care, n = value of SPBRGHx:SPBRGx register pair
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EXAMPLE 20-1: CALCULATING BAUD RATE ERROR           
TABLE 20-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR      




TXSTAx CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
RCSTAx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
BAUDCONx ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHx EUSARTx Baud Rate Generator Register High Byte 59
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 59
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
For a device with FOSC of 16 MHz, desired baud rate of 9600, Asynchronous mode, 8-bit BRG:
Desired Baud Rate = FOSC/(64 ([SPBRGHx:SPBRGx] + 1)) 
Solving for SPBRGHx:SPBRGx:
X = ((FOSC/Desired Baud Rate)/64) – 1
= ((16000000/9600)/64) – 1 
= [25.042] = 25 
Calculated Baud Rate= 16000000/(64 (25 + 1)) 
= 9615 
Error = (Calculated Baud Rate – Desired Baud Rate)/Desired Baud Rate
= (9615 – 9600)/9600 = 0.16% 
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SYNC = 0, BRGH = 0, BRG16 = 0

































0.3 — — — — — — — — — — — —
1.2 — — — 1.221 1.73 255 1.202 0.16 129 1.201 -0.16 103
2.4 2.441 1.73 255 2.404 0.16 129 2.404 0.16 64 2.403 -0.16 51
9.6 9.615 0.16 64 9.766 1.73 31 9.766 1.73 15 9.615 -0.16 12
19.2 19.531 1.73 31 19.531 1.73 15 19.531 1.73 7 — — —
57.6 56.818 -1.36 10 62.500 8.51 4 52.083 -9.58 2 — — —




SYNC = 0, BRGH = 0, BRG16 = 0

























0.3 0.300 0.16 207 0.300 -0.16 103 0.300 -0.16 51
1.2 1.202 0.16 51 1.201 -0.16 25 1.201 -0.16 12
2.4 2.404 0.16 25 2.403 -0.16 12 — — —
9.6 8.929 -6.99 6 — — — — — —
19.2 20.833 8.51 2 — — — — — —
57.6 62.500 8.51 0 — — — — — —




SYNC = 0, BRGH = 1, BRG16 = 0

































0.3 — — — — — — — — — — — —
1.2 — — — — — — — — — — — —
2.4 — — — — — — 2.441 1.73 255 2.403 -0.16 207
9.6 9.766 1.73 255 9.615 0.16 129 9.615 0.16 64 9.615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19.230 -0.16 25
57.6 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10 55.555 3.55 8




SYNC = 0, BRGH = 1, BRG16 = 0

























0.3 — — — — — — 0.300 -0.16 207
1.2 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
2.4 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25
9.6 9.615 0.16 25 9.615 -0.16 12 — — —
19.2 19.231 0.16 12 — — — — — —
57.6 62.500 8.51 3 — — — — — —
115.2 125.000 8.51 1 — — — — — —
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SYNC = 0, BRGH = 0, BRG16 = 1

































0.3 0.300 0.00 8332 0.300 0.02 4165 0.300 0.02 2082 0.300 -0.04 1665
1.2 1.200 0.02 2082 1.200 -0.03 1041 1.200 -0.03 520 1.201 -0.16 415
2.4 2.402 0.06 1040 2.399 -0.03 520 2.404 0.16 259 2.403 -0.16 207
9.6 9.615 0.16 259 9.615 0.16 129 9.615 0.16 64 9.615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19.230 -0.16 25
57.6 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10 55.555 3.55 8




SYNC = 0, BRGH = 0, BRG16 = 1

























0.3 0.300 0.04 832 0.300 -0.16 415 0.300 -0.16 207
1.2 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
2.4 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25
9.6 9.615 0.16 25 9.615 -0.16 12 — — —
19.2 19.231 0.16 12 — — — — — —
57.6 62.500 8.51 3 — — — — — —




SYNC = 0, BRGH = 1, BRG16 = 1 or SYNC = 1, BRG16 = 1

































0.3 0.300 0.00 33332 0.300 0.00 16665 0.300 0.00 8332 0.300 -0.01 6665
1.2 1.200 0.00 8332 1.200 0.02 4165 1.200 0.02 2082 1.200 -0.04 1665
2.4 2.400 0.02 4165 2.400 0.02 2082 2.402 0.06 1040 2.400 -0.04 832
9.6 9.606 0.06 1040 9.596 -0.03 520 9.615 0.16 259 9.615 -0.16 207
19.2 19.193 -0.03 520 19.231 0.16 259 19.231 0.16 129 19.230 -0.16 103
57.6 57.803 0.35 172 57.471 -0.22 86 58.140 0.94 42 57.142 0.79 34




SYNC = 0, BRGH = 1, BRG16 = 1 or SYNC = 1, BRG16 = 1

























0.3 0.300 0.01 3332 0.300 -0.04 1665 0.300 -0.04 832
1.2 1.200 0.04 832 1.201 -0.16 415 1.201 -0.16 207
2.4 2.404 0.16 415 2.403 -0.16 207 2.403 -0.16 103
9.6 9.615 0.16 103 9.615 -0.16 51 9.615 -0.16 25
19.2 19.231 0.16 51 19.230 -0.16 25 19.230 -0.16 12
57.6 58.824 2.12 16 55.555 3.55 8 — — —
115.2 111.111 -3.55 8 — — — — — —
TABLE 20-3: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
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20.1.3 AUTO-BAUD RATE DETECT
The Enhanced USART module supports the automatic
detection and calibration of baud rate. This feature is
active only in Asynchronous mode and while the WUE
bit is clear.
The automatic baud rate measurement sequence
(Figure 20-1) begins whenever a Start bit is received
and the ABDEN bit is set. The calculation is
self-averaging.
In the Auto-Baud Rate Detect (ABD) mode, the clock to
the BRG is reversed. Rather than the BRG clocking the
incoming RXx signal, the RXx signal is timing the BRG.
In ABD mode, the internal Baud Rate Generator is
used as a counter to time the bit period of the incoming
serial byte stream.
Once the ABDEN bit is set, the state machine will clear
the BRG and look for a Start bit. The Auto-Baud Rate
Detect must receive a byte with the value 55h (ASCII
“U”, which is also the LIN bus Sync character) in order to
calculate the proper bit rate. The measurement is taken
over both a low and a high bit time in order to minimize
any effects caused by asymmetry of the incoming signal.
After a Start bit, the SPBRGx begins counting up, using
the preselected clock source on the first rising edge of
RXx. After eight bits on the RXx pin or the fifth rising
edge, an accumulated value totalling the proper BRG
period is left in the SPBRGHx:SPBRGx register pair.
Once the 5th edge is seen (this should correspond to the
Stop bit), the ABDEN bit is automatically cleared.
If a rollover of the BRG occurs (an overflow from FFFFh
to 0000h), the event is trapped by the ABDOVF status
bit (BAUDCONx<7>). It is set in hardware by BRG roll-
overs and can be set or cleared by the user in software.
ABD mode remains active after rollover events and the
ABDEN bit remains set (Figure 20-2). 
While calibrating the baud rate period, the BRG regis-
ters are clocked at 1/8th the preconfigured clock rate.
Note that the BRG clock will be configured by the
BRG16 and BRGH bits. Independent of the BRG16 bit
setting, both the SPBRGx and SPBRGHx will be used
as a 16-bit counter. This allows the user to verify that
no carry occurred for 8-bit modes by checking for 00h
in the SPBRGHx register. Refer to Table 20-4 for
counter clock rates to the BRG.
While the ABD sequence takes place, the EUSART
state machine is held in Idle. The RCxIF interrupt is set
once the fifth rising edge on RXx is detected. The value
in the RCREGx needs to be read to clear the RCxIF
interrupt. The contents of RCREGx should be
discarded.  
TABLE 20-4: BRG COUNTER 
CLOCK RATES
20.1.3.1 ABD and EUSART Transmission
Since the BRG clock is reversed during ABD acquisi-
tion, the EUSART transmitter cannot be used during
ABD. This means that whenever the ABDEN bit is set,
TXREGx cannot be written to. Users should also
ensure that ABDEN does not become set during a
transmit sequence. Failing to do this may result in
unpredictable EUSART operation.
Note 1: If the WUE bit is set with the ABDEN bit,
Auto-Baud Rate Detection will occur on
the byte following the Break character.
2: It is up to the user to determine that the
incoming character baud rate is within the
range of the selected BRG clock source.
Some combinations of oscillator frequency
and EUSART baud rates are not possible
due to bit error rates. Overall system
timing and communication baud rates
must be taken into consideration when
using the Auto-Baud Rate Detection
feature.





Note: During the ABD sequence, SPBRGx and
SPBRGHx are both used as a 16-bit counter,
independent of BRG16 setting.
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FIGURE 20-1: AUTOMATIC BAUD RATE CALCULATION
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20.2 EUSART Asynchronous Mode
The Asynchronous mode of operation is selected by
clearing the SYNC bit (TXSTAx<4>). In this mode, the
EUSART uses standard Non-Return-to-Zero (NRZ)
format (one Start bit, eight or nine data bits and one Stop
bit). The most common data format is 8 bits. An on-chip
dedicated 8-bit/16-bit Baud Rate Generator can be used
to derive standard baud rate frequencies from the
oscillator.
The EUSART transmits and receives the LSb first. The
EUSART’s transmitter and receiver are functionally
independent, but use the same data format and baud
rate. The Baud Rate Generator produces a clock, either
x16 or x64 of the bit shift rate depending on the BRGH
and BRG16 bits (TXSTAx<2> and BAUDCONx<3>).
Parity is not supported by the hardware, but can be
implemented in software and stored as the 9th data bit.
When operating in Asynchronous mode, the EUSART
module consists of the following important elements:




• Auto-Wake-up on Sync Break Character
• 12-bit Break Character Transmit
• Auto-Baud Rate Detection
20.2.1 EUSART ASYNCHRONOUS 
TRANSMITTER
The EUSART transmitter block diagram is shown in
Figure 20-3. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSRx). The Shift register
obtains its data from the Read/Write Transmit Buffer
register, TXREGx. The TXREGx register is loaded with
data in software. The TSRx register is not loaded until
the Stop bit has been transmitted from the previous
load. As soon as the Stop bit is transmitted, the TSRx
is loaded with new data from the TXREGx register (if
available). 
Once the TXREGx register transfers the data to the
TSRx register (occurs in one TCY), the TXREGx register
is empty and the TXxIF flag bit (PIR1<4>) is set. This
interrupt can be enabled or disabled by setting or clearing
the interrupt enable bit, TXxIE (PIE1<4>). TXxIF will be
set regardless of the state of TXxIE; it cannot be cleared
in software. TXxIF is also not cleared immediately upon
loading TXREGx, but becomes valid in the second
instruction cycle following the load instruction. Polling
TXxIF immediately following a load of TXREGx will return
invalid results.
While TXxIF indicates the status of the TXREGx regis-
ter, another bit, TRMT (TXSTAx<1>), shows the status
of the TSRx register. TRMT is a read-only bit which is
set when the TSRx register is empty. No interrupt logic
is tied to this bit so the user has to poll this bit in order
to determine if the TSRx register is empty.
To set up an Asynchronous Transmission:
1. Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.
2. Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.
3. If interrupts are desired, set enable bit, TXxIE.
4. If 9-bit transmission is desired, set transmit bit,
TX9. Can be used as address/data bit.
5. Enable the transmission by setting bit, TXEN,
which will also set bit, TXxIF.
6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.
7. Load data to the TXREGx register (starts
transmission).
8. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.
Note 1: The TSRx register is not mapped in data
memory so it is not available to the user.
2: Flag bit, TXxIF, is set when enable bit
TXEN is set.
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FIGURE 20-3: EUSART TRANSMIT BLOCK DIAGRAM       
FIGURE 20-4: ASYNCHRONOUS TRANSMISSION       
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TABLE 20-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION       




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 60
RCSTAx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
TXREGx EUSARTx Transmit Register 59
TXSTAx CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONx ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHx EUSARTx Baud Rate Generator Register High Byte 61
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 59
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
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20.2.2 EUSART ASYNCHRONOUS 
RECEIVER
The receiver block diagram is shown in Figure 20-6.
The data is received on the RXx pin and drives the data
recovery block. The data recovery block is actually a
high-speed shifter operating at x16 times the baud rate,
whereas the main receive serial shifter operates at the
bit rate or at FOSC. This mode would typically be used
in RS-232 systems.
To set up an Asynchronous Reception:
1. Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.
2. Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.
3. If interrupts are desired, set enable bit, RCxIE.
4. If 9-bit reception is desired, set bit, RX9.
5. Enable the reception by setting bit, CREN.
6. Flag bit, RCxIF, will be set when reception is
complete and an interrupt will be generated if
enable bit, RCxIE, was set.
7. Read the RCSTAx register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.
8. Read the 8-bit received data by reading the
RCREGx register.
9. If any error occurred, clear the error by clearing
enable bit, CREN.
10. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.
20.2.3 SETTING UP 9-BIT MODE WITH 
ADDRESS DETECT
This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable: 
1. Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.
2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.
3. If interrupts are required, set the RCEN bit and
select the desired priority level with the RCxIP
bit.
4. Set the RX9 bit to enable 9-bit reception. 
5. Set the ADDEN bit to enable address detect.
6. Enable reception by setting the CREN bit.
7. The RCxIF bit will be set when reception is
complete. The interrupt will be Acknowledged if
the RCxIE and GIE bits are set.
8. Read the RCSTAx register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).
9. Read RCREGx to determine if the device is
being addressed.
10. If any error occurred, clear the CREN bit. 
11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.
FIGURE 20-6: EUSART RECEIVE BLOCK DIAGRAM     
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FIGURE 20-7: ASYNCHRONOUS RECEPTION          
TABLE 20-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 60
RCSTAx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
RCREGx EUSARTx Receive Register 59
TXSTAx CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONx ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHx EUSARTx Baud Rate Generator Register High Byte 61
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 59
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
Start























Note: This timing diagram shows three words appearing on the RXx input.   The RCREGx (receive buffer) is read after the third word
causing the OERR (Overrun) bit to be set.
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20.2.4 AUTO-WAKE-UP ON SYNC BREAK 
CHARACTER
During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the Baud Rate Generator is
inactive and a proper byte reception cannot be
performed. The auto-wake-up feature allows the
controller to wake-up due to activity on the RXx/DTx line,
while the EUSART is operating in Asynchronous mode.
The auto-wake-up feature is enabled by setting the
WUE bit (BAUDCONx<1>). Once set, the typical receive
sequence on RXx/DTx is disabled and the EUSART
remains in an Idle state, monitoring for a wake-up event
independent of the CPU mode. A wake-up event
consists of a high-to-low transition on the RXx/DTx line.
(This coincides with the start of a Sync Break or a
Wake-up Signal character for the LIN protocol.)
Following a wake-up event, the module generates an
RCxIF interrupt. The interrupt is generated synchro-
nously to the Q clocks in normal operating modes
(Figure 20-8) and asynchronously, if the device is in
Sleep mode (Figure 20-9). The interrupt condition is
cleared by reading the RCREGx register.
The WUE bit is automatically cleared once a low-to-
high transition is observed on the RXx line following the
wake-up event. At this point, the EUSART module is
inactive and returns to normal operation. This signals to
the user that the Sync Break event is over.
20.2.4.1 Special Considerations Using 
Auto-Wake-up
Since auto-wake-up functions by sensing rising edge
transitions on RXx/DTx, information with any state
changes before the Stop bit may signal a false end-of-
character and cause data or framing errors. To work
properly, therefore, the initial character in the transmis-
sion must be all ‘0’s. This can be 00h (8 bytes) for
standard RS-232 devices or 000h (12 bits) for LIN bus.
Oscillator start-up time must also be considered,
especially in applications using oscillators with longer
start-up intervals (i.e., XT or HS mode). The Sync
Break (or Wake-up Signal) character must be of
sufficient length and be followed by a sufficient interval
to allow enough time for the selected oscillator to start
and provide proper initialization of the EUSART. 
20.2.4.2 Special Considerations Using 
the WUE Bit
The timing of WUE and RCxIF events may cause
some confusion when it comes to determining the
validity of received data. As noted, setting the WUE bit
places the EUSART in an inactive state. The wake-up
event causes a receive interrupt by setting the RCxIF
bit. The WUE bit is cleared after this when a rising
edge is seen on RXx/DTx. The interrupt condition is
then cleared by reading the RCREGx register.
Ordinarily, the data in RCREGx will be dummy data
and should be discarded. 
The fact that the WUE bit has been cleared (or is still
set) and the RCxIF flag is set should not be used as an
indicator of the integrity of the data in RCREGx. Users
should consider implementing a parallel method in
firmware to verify received data integrity.
To assure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process. If
a receive operation is not occurring, the WUE bit may
then be set just prior to entering the Sleep mode.
FIGURE 20-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION 
FIGURE 20-9: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP 





Note 1:The EUSART remains inactive while the WUE bit is set.
Bit set by user
Cleared due to user read of RCREGx
Auto-Cleared





Cleared due to user read of RCREGx
Sleep Command Executed
Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur before the oscillator is ready. This
sequence should not depend on the presence of Q clocks.
2: The EUSART remains inactive while the WUE bit is set.
Sleep Ends
Note 1
Auto-ClearedBit set by user
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20.2.5 BREAK CHARACTER SEQUENCE
The EUSART module has the capability of sending the
special Break character sequences that are required by
the LIN bus standard. The Break character transmit
consists of a Start bit, followed by twelve ‘0’ bits and a
Stop bit. The frame Break character is sent whenever
the SENDB and TXEN bits (TXSTAx<3> and
TXSTAx<5>) are set while the Transmit Shift register is
loaded with data. Note that the value of data written to
TXREGx will be ignored and all ‘0’s will be transmitted. 
The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN specification).
Note that the data value written to the TXREGx for the
Break character is ignored. The write simply serves the
purpose of initiating the proper sequence.
The TRMT bit indicates when the transmit operation is
active or Idle, just as it does during normal transmis-
sion. See Figure 20-10 for the timing of the Break
character sequence.
20.2.5.1 Break and Sync Transmit Sequence
The following sequence will send a message frame
header made up of a Break, followed by an Auto-Baud
Sync byte. This sequence is typical of a LIN bus
master.
1. Configure the EUSART for the desired mode.
2. Set the TXEN and SENDB bits to set up the
Break character.
3. Load the TXREGx with a dummy character to
initiate transmission (the value is ignored).
4. Write ‘55h’ to TXREGx to load the Sync
character into the transmit FIFO buffer.
5. After the Break has been sent, the SENDB bit is
reset by hardware. The Sync character now
transmits in the preconfigured mode.
When the TXREGx becomes empty, as indicated by
the TXxIF, the next data byte can be written to
TXREGx.
20.2.6 RECEIVING A BREAK CHARACTER
The Enhanced USART module can receive a Break
character in two ways. 
The first method forces configuration of the baud rate
at a frequency of 9/13 the typical speed. This allows for
the Stop bit transition to be at the correct sampling loca-
tion (13 bits for Break versus Start bit and 8 data bits for
typical data).
The second method uses the auto-wake-up feature
described in Section 20.2.4 “Auto-Wake-up on Sync
Break Character”. By enabling this feature, the
EUSART will sample the next two transitions on RXx/
DTx, cause an RCxIF interrupt and receive the next
data byte followed by another interrupt.
Note that following a Break character, the user will
typically want to enable the Auto-Baud Rate Detect
feature. For both methods, the user can set the ABD bit
once the TXxIF interrupt is observed.
















SENDB sampled here Auto-Cleared
Dummy Write 
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20.3 EUSART Synchronous 
Master Mode
The Synchronous Master mode is entered by setting
the CSRC bit (TXSTAx<7>). In this mode, the data is
transmitted in a half-duplex manner (i.e., transmission
and reception do not occur at the same time). When
transmitting data, the reception is inhibited and vice
versa. Synchronous mode is entered by setting bit
SYNC (TXSTAx<4>). In addition, enable bit SPEN
(RCSTAx<7>) is set in order to configure the TXx and
RXx pins to CKx (clock) and DTx (data) lines,
respectively. 
The Master mode indicates that the processor trans-
mits the master clock on the CKx line. Clock polarity is
selected with the SCKP bit (BAUDCONx<4>); setting
SCKP sets the Idle state on CKx as high, while clearing
the bit sets the Idle state as low. This option is provided
to support Microwire devices with this module.
20.3.1 EUSART SYNCHRONOUS MASTER 
TRANSMISSION
The EUSART transmitter block diagram is shown in
Figure 20-3. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSRx). The Shift register
obtains its data from the Read/Write Transmit Buffer
register, TXREGx. The TXREGx register is loaded with
data in software. The TSRx register is not loaded until
the last bit has been transmitted from the previous load.
As soon as the last bit is transmitted, the TSRx is
loaded with new data from the TXREGx (if available). 
Once the TXREGx register transfers the data to the
TSRx register (occurs in one TCY), the TXREGx is
empty and the TXxIF flag bit is set. The interrupt can be
enabled or disabled by setting or clearing the interrupt
enable bit, TXxIE. TXxIF is set regardless of the state
of enable bit TXxIE; it cannot be cleared in software. It
will reset only when new data is loaded into the
TXREGx register. 
While flag bit TXxIF indicates the status of the TXREGx
register, another bit, TRMT (TXSTAx<1>), shows the
status of the TSRx register. TRMT is a read-only bit
which is set when the TSRx is empty. No interrupt logic
is tied to this bit, so the user must poll this bit in order to
determine if the TSRx register is empty. The TSRx is not
mapped in data memory so it is not available to the user.
To set up a Synchronous Master Transmission:
1. Initialize the SPBRGHx:SPBRGx registers for the
appropriate baud rate. Set or clear the BRG16
bit, as required, to achieve the desired baud rate.
2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.
3. If interrupts are desired, set enable bit TXxIE.
4. If 9-bit transmission is desired, set bit TX9.
5. Enable the transmission by setting bit TXEN.
6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.
7. Start transmission by loading data to the
TXREGx register.
8. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.
FIGURE 20-11: SYNCHRONOUS TRANSMISSION       
 bit 0  bit 1  bit 7
Word 1
Q1 Q2 Q3Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q3 Q4 Q1 Q2 Q3Q4 Q1Q2 Q3Q4 Q1 Q2Q3Q4 Q1 Q2Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4







TXEN bit ‘1’ ‘1’
 Word 2
TRMT bit
Write Word 1 Write Word 2
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FIGURE 20-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)       
TABLE 20-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION       




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 60
RCSTAx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
TXREGx EUSARTx Transmit Register 59
TXSTAx CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONx ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHx EUSARTx Baud Rate Generator Register High Byte 61
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 59







bit 0 bit 1 bit 2 bit 6 bit 7
TXEN bit
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20.3.2 EUSART SYNCHRONOUS 
MASTER RECEPTION
Once Synchronous mode is selected, reception is
enabled by setting either the Single Receive Enable bit,
SREN (RCSTAx<5>), or the Continuous Receive
Enable bit, CREN (RCSTAx<4>). Data is sampled on
the RXx pin on the falling edge of the clock.
If enable bit SREN is set, only a single word is received.
If enable bit CREN is set, the reception is continuous
until CREN is cleared. If both bits are set, then CREN
takes precedence.
To set up a Synchronous Master Reception:
1. Initialize the SPBRGHx:SPBRGx registers for the
appropriate baud rate. Set or clear the BRG16
bit, as required, to achieve the desired baud rate.
2. Enable the synchronous master serial port by
setting bits, SYNC, SPEN and CSRC.
3. Ensure bits, CREN and SREN, are clear.
4. If interrupts are desired, set enable bit, RCxIE.
5. If 9-bit reception is desired, set bit, RX9.
6. If a single reception is required, set bit, SREN.
For continuous reception, set bit, CREN.
7. Interrupt flag bit, RCxIF, will be set when recep-
tion is complete and an interrupt will be generated
if the enable bit, RCxIE, was set.
8. Read the RCSTAx register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.
9. Read the 8-bit received data by reading the
RCREGx register.
10. If any error occurred, clear the error by clearing
bit, CREN.
11. If using interrupts, ensure that the GIE and PEIE bits
in the INTCON register (INTCON<7:6>) are set.
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TABLE 20-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION       




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 60
RCSTAx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
RCREGx EUSARTx Receive Register 59
TXSTAx CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONx ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHx EUSARTx Baud Rate Generator Register High Byte 61
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 59
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.
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20.4 EUSART Synchronous 
Slave Mode
Synchronous Slave mode is entered by clearing bit,
CSRC (TXSTAx<7>). This mode differs from the
Synchronous Master mode in that the shift clock is
supplied externally at the CKx pin (instead of being
supplied internally in Master mode). This allows the
device to transfer or receive data while in any low-power
mode. 
20.4.1 EUSART SYNCHRONOUS 
SLAVE TRANSMISSION
The operation of the Synchronous Master and Slave
modes is identical, except in the case of Sleep mode.
If two words are written to the TXREGx and then the
SLEEP instruction is executed, the following will occur:
a) The first word will immediately transfer to the
TSRx register and transmit. 
b) The second word will remain in the TXREGx
register. 
c) Flag bit, TXxIF, will not be set. 
d) When the first word has been shifted out of
TSRx, the TXREGx register will transfer the
second word to the TSRx and flag bit, TXxIF, will
now be set. 
e) If enable bit, TXxIE, is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt
vector.
To set up a Synchronous Slave Transmission:
1. Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.
2. Clear bits, CREN and SREN.
3. If interrupts are desired, set enable bit, TXxIE.
4. If 9-bit transmission is desired, set bit, TX9.
5. Enable the transmission by setting enable bit,
TXEN.
6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.
7. Start transmission by loading data to the
TXREGx register.
8. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.
TABLE 20-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION       




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 60
RCSTAx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
TXREGx EUSARTx Transmit Register 59
TXSTAx CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONx ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHx EUSARTx Baud Rate Generator Register High Byte 61
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 59
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
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20.4.2 EUSART SYNCHRONOUS SLAVE 
RECEPTION
The operation of the Synchronous Master and Slave
modes is identical, except in the case of Sleep, or any
Idle mode and bit SREN, which is a “don’t care” in
Slave mode.
If receive is enabled by setting the CREN bit prior to
entering Sleep or any Idle mode, then a word may be
received while in this low-power mode. Once the word
is received, the RSRx register will transfer the data to
the RCREGx register; if the RCxIE enable bit is set, the
interrupt generated will wake the chip from the low-
power mode. If the global interrupt is enabled, the
program will branch to the interrupt vector.
To set up a Synchronous Slave Reception:
1. Enable the synchronous master serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.
2. If interrupts are desired, set enable bit, RCxIE.
3. If 9-bit reception is desired, set bit, RX9.
4. To enable reception, set enable bit, CREN.
5. Flag bit, RCxIF, will be set when reception is
complete. An interrupt will be generated if
enable bit, RCxIE, was set.
6. Read the RCSTAx register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.
7. Read the 8-bit received data by reading the
RCREGx register.
8. If any error occurred, clear the error by clearing
bit, CREN.
9. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.
TABLE 20-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION      




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 60
TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISG0 60
RCSTAx SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
RCREGx EUSARTx Receive Register 59
TXSTAx CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONx ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 61
SPBRGHx EUSARTx Baud Rate Generator Register High Byte 61
SPBRGx EUSARTx Baud Rate Generator Register Low Byte 59
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.
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NOTES:
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21.0 10-BIT ANALOG-TO-DIGITAL 
CONVERTER (A/D) MODULE
The Analog-to-Digital (A/D) converter module has
12 inputs for the 64-pin devices and 16 for the 80-pin
devices. This module allows conversion of an analog
input signal to a corresponding 10-bit digital number. 
The module has five registers:
• A/D Result High Register (ADRESH)
• A/D Result Low Register (ADRESL)
• A/D Control Register 0 (ADCON0)
• A/D Control Register 1 (ADCON1)
• A/D Control Register 2 (ADCON2)
The ADCON0 register, shown in Register 21-1,
controls the operation of the A/D module. The
ADCON1 register, shown in Register 21-2, configures
the functions of the port pins. The ADCON2 register,
shown in Register 21-3, configures the A/D clock
source, programmed acquisition time and justification.
REGISTER 21-1: ADCON0: A/D CONTROL REGISTER
U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — CHS3(1) CHS2(1) CHS1(1) CHS0(1) GO/DONE ADON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-2 CHS<3:0> Analog Channel Select bits(1)
0000 = Channel 0 (AN0)
0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channel 5 (AN5)
0110 = Channel 6 (AN6)
0111 = Channel 7 (AN7)
1000 = Channel 8 (AN8)
1001 = Channel 9 (AN9)
1010 = Channel 10 (AN10)
1011 = Channel 11 (AN11)
1100 = Channel 12 (AN12)(1)
1101 = Channel 13 (AN13)(1)
1110 = Channel 14 (AN14)(1)
1111 = Channel 15 (AN15)(1)
bit 1 GO/DONE: A/D Conversion Status bit
When ADON = 1: 
1 = A/D conversion in progress
0 = A/D Idle 
bit 0 ADON: A/D On bit
1 = A/D converter module is enabled 
0 = A/D converter module is disabled
Note 1: These channels are not implemented on 64-pin devices.
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REGISTER 21-2: ADCON1: A/D CONTROL REGISTER 1
U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 VCFG<1:0>: Voltage Reference Configuration bits 
bit 3-0 PCFG<3:0>: A/D Port Configuration Control bits: 
A/D VREF+ A/D VREF-
00 AVDD AVSS
01 External VREF+ AVSS
10 AVDD External VREF-
11 External VREF+ External VREF-
 A = Analog input D = Digital I/O
































































0000 A A A A A A A A A A A A A A A A
0001 D D A A A A A A A A A A A A A A
0010 D D D A A A A A A A A A A A A A
0011 D D D D A A A A A A A A A A A A
0100 D D D D D A A A A A A A A A A A
0101 D D D D D D A A A A A A A A A A
0110 D D D D D D D A A A A A A A A A
0111 D D D D D D D D A A A A A A A A
1000 D D D D D D D D D A A A A A A A
1001 D D D D D D D D D D A A A A A A
1010 D D D D D D D D D D D A A A A A
1011 D D D D D D D D D D D D A A A A
1100 D D D D D D D D D D D D D A A A
1101 D D D D D D D D D D D D D D A A
1110 D D D D D D D D D D D D D D D A
1111 D D D D D D D D D D D D D D D D
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REGISTER 21-3: ADCON2: A/D CONTROL REGISTER 2
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM — ACQT2 ACQT1 ACQT0 ADCS2 ADCS1 ADCS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified 
0 = Left justified 
bit 6 Unimplemented: Read as ‘0’
bit 5-3 ACQT<2:0>: A/D Acquisition Time Select bits
111 = 20 TAD
110 = 16 TAD
101 = 12 TAD
100 = 8 TAD
011 = 6 TAD
010 = 4 TAD
001 = 2 TAD
000 = 0 TAD(1)
bit 2-0 ADCS<2:0>: A/D Conversion Clock Select bits
111 = FRC (clock derived from A/D RC oscillator)(1) 
110 = FOSC/64 
101 = FOSC/16 
100 = FOSC/4 
011 = FRC (clock derived from A/D RC oscillator)(1) 
010 = FOSC/32 
001 = FOSC/8 
000 = FOSC/2 
Note 1: If the A/D FRC clock source is selected, a delay of one TCY (instruction cycle) is added before the A/D 
clock starts. This allows the SLEEP instruction to be executed before starting a conversion.
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The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(VDD and VSS), or the voltage level on the RA3/AN3/
VREF+ and RA2/AN2/VREF- pins.
The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To oper-
ate in Sleep, the A/D conversion clock must be derived
from the A/D’s internal RC oscillator.
The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.
A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted.
Each port pin associated with the A/D converter can be
configured as an analog input, or as a digital I/O. The
ADRESH and ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is com-
plete, the result is loaded into the ADRESH:ADRESL
register pair, the GO/DONE bit (ADCON0 register) is
cleared and A/D Interrupt Flag bit, ADIF (PIR1<6>), is
set. The block diagram of the A/D module is shown in
Figure 21-1.








































Note 1: Channels AN12 through AN15 are not available on 64-pin devices.
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The value in the ADRESH:ADRESL registers is not
modified for a Power-on Reset. The ADRESH:ADRESL
registers will contain unknown data after a Power-on
Reset.
After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 21.1
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. An acquisition time can be programmed to
occur between setting the GO/DONE bit and the actual
start of the conversion.
The following steps should be followed to perform an A/D
conversion:
1. Configure the A/D module:
• Configure analog pins, voltage reference and
digital I/O (ADCON1)
• Select A/D input channel (ADCON0)
• Select A/D acquisition time (ADCON2)
• Select A/D conversion clock (ADCON2)
• Turn on A/D module (ADCON0)
2. Configure A/D interrupt (if desired):
• Clear ADIF bit 
• Set ADIE bit 
• Set GIE bit 
3. Wait the required acquisition time (if required).
4. Start conversion:
• Set GO/DONE bit (ADCON0 register)
5. Wait for A/D conversion to complete, by either:
• Polling for the GO/DONE bit to be cleared
OR
• Waiting for the A/D interrupt
6. Read A/D Result registers (ADRESH:ADRESL);
clear bit ADIF, if required.
7. For next conversion, go to step 1 or step 2, as
required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TAD is
required before the next acquisition starts.
FIGURE 21-2: A/D TRANSFER FUNCTION






































































































= Leakage Current at the pin due to
= Interconnect Resistance
= Sampling Switch
= Sample/Hold Capacitance (from DAC)
various junctions
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21.1 A/D Acquisition Requirements
For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 21-3. The
source impedance (RS) and the internal sampling
switch (RSS) impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (RSS) impedance varies over the device voltage
(VDD). The source impedance affects the offset voltage
at the analog input (due to pin leakage current). The
maximum recommended impedance for analog
sources is 2.5 kΩ. After the analog input channel is
selected (changed), the channel must be sampled for
at least the minimum acquisition time before starting a
conversion.    
To calculate the minimum acquisition time,
Equation 21-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.
Example 21-3 shows the calculation of the minimum
required acquisition time TACQ. This calculation is
based on the following application system
assumptions:
CHOLD = 25 pF 
Rs = 2.5 kΩ 
Conversion Error ≤ 1/2 LSb 
VDD = 5V → Rss = 2 kΩ         
Temperature = 85°C (system max.) 
EQUATION 21-1: ACQUISITION TIME     
EQUATION 21-2: A/D MINIMUM CHARGING TIME  
EQUATION 21-3: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME  
Note: When the conversion is started, the
holding capacitor is disconnected from the
input pin.
TACQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient 
= TAMP + TC + TCOFF 
VHOLD = (VREF – (VREF/2048)) • (1 – e(-TC/CHOLD(RIC + RSS + RS)))  
or 
TC = -(CHOLD)(RIC + RSS + RS) ln(1/2048)
TACQ = TAMP + TC + TCOFF
TAMP = 0.2 μs 
TCOFF = (Temp – 25°C)(0.02 μs/°C)
(85°C – 25°C)(0.02 μs/°C)
1.2 μs
Temperature coefficient is only required for temperatures > 25°C. Below 25°C, TCOFF = 0 ms.
TC = -(CHOLD)(RIC + RSS + RS) ln(1/2047) μs
-(25 pF) (1 kΩ + 2 kΩ + 2.5 kΩ) ln(0.0004883) μs 
1.05 μs
TACQ = 0.2 μs + 1 μs + 1.2 μs
2.4 μs
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21.2 Selecting and Configuring 
Acquisition Time
The ADCON2 register allows the user to select an
acquisition time that occurs each time the GO/DONE
bit is set. It also gives users the option to use an
automatically determined acquisition time.
Acquisition time may be set with the ACQT<2:0> bits
(ADCON2<5:3>) which provides a range of 2 to 20 TAD.
When the GO/DONE bit is set, the A/D module
continues to sample the input for the selected acquisi-
tion time, then automatically begins a conversion.
Since the acquisition time is programmed, there may
be no need to wait for an acquisition time between
selecting a channel and setting the GO/DONE bit.
Manual acquisition is selected when
ACQT<2:0> = 000. When the GO/DONE bit is set,
sampling is stopped and a conversion begins. The user
is responsible for ensuring the required acquisition time
has passed between selecting the desired input
channel and setting the GO/DONE bit. This option is
also the default Reset state of the ACQT<2:0> bits and
is compatible with devices that do not offer
programmable acquisition times.
In either case, when the conversion is completed, the
GO/DONE bit is cleared, the ADIF flag is set and the
A/D begins sampling the currently selected channel
again. If an acquisition time is programmed, there is
nothing to indicate if the acquisition time has ended or
if the conversion has begun.
21.3 Selecting the A/D Conversion 
Clock
The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 11 TAD per 10-bit conversion.
The source of the A/D conversion clock is software





• 32 TOSC 
• 64 TOSC
• Internal RC Oscillator
For correct A/D conversions, the A/D conversion clock
(TAD) must be as short as possible, but greater than the
minimum TAD (see parameter 130, Table 28-27 for
more information).
Table 21-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.
TABLE 21-1: TAD vs. DEVICE OPERATING FREQUENCIES       
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS<2:0> PIC18FXXXX PIC18LFXXXX(4)
2 TOSC 000 2.86 MHz 1.43 kHz
4 TOSC 100 5.71 MHz 2.86 MHz
8 TOSC 001 11.43 MHz 5.72 MHz
16 TOSC 101 22.86 MHz 11.43 MHz
32 TOSC 010 40.0 MHz 22.86 MHz
64 TOSC 110 40.0 MHz 22.86 MHz
RC(3) x11 1.00 MHz(1) 1.00 MHz(2)
Note 1: The RC source has a typical TAD time of 1.2 μs.
2: The RC source has a typical TAD time of 2.5 μs.
3: For device frequencies above 1 MHz, the device must be in Sleep for the entire conversion or the A/D 
accuracy may be out of specification.
4: Low-power (PIC18LFXXXX) devices only.
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21.4 Operation in Power-Managed 
Modes
The selection of the automatic acquisition time and A/D
conversion clock is determined in part by the clock
source and frequency while in a power-managed mode.
If the A/D is expected to operate while the device is in
a power-managed mode, the ACQT<2:0> and
ADCS<2:0> bits in ADCON2 should be updated in
accordance with the clock source to be used in that
mode. After entering the mode, an A/D acquisition or
conversion may be started. Once started, the device
should continue to be clocked by the same clock
source until the conversion has been completed. 
If desired, the device may be placed into the
corresponding Idle mode during the conversion. If the
device clock frequency is less than 1 MHz, the A/D RC
clock source should be selected.
Operation in the Sleep mode requires the A/D FRC
clock to be selected. If bits ACQT<2:0> are set to ‘000’
and a conversion is started, the conversion will be
delayed one instruction cycle to allow execution of the
SLEEP instruction and entry to Sleep mode. The IDLEN
bit (OSCCON<7>) must have already been cleared
prior to starting the conversion.
21.5 Configuring Analog Port Pins
The ADCON1, TRISA, TRISF and TRISH registers all
configure the A/D port pins. The port pins needed as
analog inputs must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
output level (VOH or VOL) will be converted.
The A/D operation is independent of the state of the
CHS<3:0> bits and the TRIS bits.       
Note 1: When reading the Port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins con-
figured as digital inputs will convert as
analog inputs. Analog levels on a digitally
configured input will be accurately
converted.
2: Analog levels on any pin defined as a
digital input may cause the digital input
buffer to consume current out of the
device’s specification limits.
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21.6 A/D Conversions 
Figure 21-4 shows the operation of the A/D converter
after the GO/DONE bit has been set and the
ACQT<2:0> bits are cleared. A conversion is started
after the following instruction to allow entry into Sleep
mode before the conversion begins.
Figure 21-5 shows the operation of the A/D converter
after the GO/DONE bit has been set, the ACQT<2:0>
bits are set to ‘010’ and a 4 TAD acquisition time is
selected before the conversion starts.
Clearing the GO/DONE bit during a conversion will abort
the current conversion. The A/D Result register pair will
NOT be updated with the partially completed A/D
conversion sample. This means the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers).
After the A/D conversion is completed or aborted, a
2 TAD wait is required before the next acquisition can
be started. After this wait, acquisition on the selected
channel is automatically started.
21.7 Discharge
The discharge phase is used to initialize the value of
the capacitor array. The array is discharged before
every sample. This feature helps to optimize the unity-
gain amplifier, as the circuit always needs to charge the
capacitor array, rather than charge/discharge based on
previous measure values.
FIGURE 21-4: A/D CONVERSION TAD CYCLES (ACQT<2:0> = 000, TACQ = 0)    
FIGURE 21-5: A/D CONVERSION TAD CYCLES   (ACQT<2:0> = 010, TACQ = 4 TAD)    
Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.
TAD1 TAD2 TAD3 TAD4 TAD5 TAD6 TAD7 TAD8 TAD11
Set GO/DONE bit 
Holding capacitor is disconnected from analog input (typically 100 ns) 
TAD9 TAD10TCY - TAD
ADRESH:ADRESL are loaded, GO/DONE bit is cleared, 
ADIF bit is set, holding capacitor is connected to analog input. 
Conversion starts 
b0b9 b6 b5 b4 b3 b2 b1b8 b7
On the following cycle: 
TAD1
Discharge 
1 2 3 4 5 6 7 8 11
Set GO/DONE bit 
(Holding capacitor is disconnected) 
9 10
Conversion starts 
1 2 3 4
(Holding capacitor continues
acquiring input) 




b0b9 b6 b5 b4 b3 b2 b1b8 b7
ADRESH:ADRESL are loaded, GO/DONE bit is cleared, 
ADIF bit is set, holding capacitor is connected to analog input. 
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21.8 Use of the ECCP2 Trigger
An A/D conversion can be started by the Special Event
Trigger of the ECCP2 module. This requires that the
CCP2M<3:0> bits (CCP2CON<3:0>) be programmed
as ‘1011’ and that the A/D module is enabled (ADON
bit is set). When the trigger occurs, the GO/DONE bit
will be set, starting the A/D acquisition and conversion
and the Timer1 (or Timer3) counter will be reset to zero.
Timer1 (or Timer3) is reset to automatically repeat the
A/D acquisition period with minimal software overhead
(moving ADRESH:ADRESL to the desired location).
The appropriate analog input channel must be selected
and the minimum acquisition period is either timed by
the user, or an appropriate TACQ time selected before
the Special Event Trigger sets the GO/DONE bit (starts
a conversion).
If the A/D module is not enabled (ADON is cleared), the
Special Event Trigger will be ignored by the A/D module
but will still reset the Timer1 (or Timer3) counter.
 
TABLE 21-2: REGISTERS ASSOCIATED WITH A/D OPERATION     




INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 60
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 60
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 60
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 60
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 60
ADRESH  A/D Result Register High Byte 59
ADRESL  A/D Result Register Low Byte 59
ADCON0 — — CHS3 CHS2 CHS1 CHS0 GO/DONE ADON 59
ADCON1 — — VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0 59
ADCON2 ADFM — ACQT2 ACQT1 ACQT0 ADCS2 ADCS1 ADCS0 59
TRISA TRISA7(1) TRISA6(1) TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 60
TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISF0 60
TRISH(2) TRISH7 TRISH6 TRISH5 TRISH4 TRISH3 TRISH2 TRISH1 TRISH0 60
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for A/D conversion.
Note 1: PORTA<7:6> and their direction bits are individually configured as port pins based on various primary 
oscillator modes. When disabled, these bits read as ‘0’.
2: These registers are not implemented on 64-pin devices.
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22.0 COMPARATOR MODULE
The analog comparator module contains two
comparators that can be configured in a variety of
ways. The inputs can be selected from the analog
inputs multiplexed with pins RF3 through RF6, as well
as the on-chip voltage reference (see Section 23.0
“Comparator Voltage Reference Module”). The
digital outputs (normal or inverted) are available on
RF1 and RF2 and can also be read through the control
register.
The CMCON register (Register 22-1) selects the
comparator input and output configuration. Block
diagrams of the various comparator configurations are
shown in Figure 22-1.
REGISTER 22-1: CMCON: COMPARATOR MODULE CONTROL REGISTER
R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1
C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 C2OUT: Comparator 2 Output bit
When C2INV = 0:
1 = C2 VIN+ > C2 VIN-
0 = C2 VIN+ < C2 VIN-
When C2INV = 1:
1 = C2 VIN+ < C2 VIN-
0 = C2 VIN+ > C2 VIN-
bit 6 C1OUT: Comparator 1 Output bit
When C1INV = 0:
1 = C1 VIN+ > C1 VIN-
0 = C1 VIN+ < C1 VIN-
When C1INV = 1:
1 = C1 VIN+ < C1 VIN-
0 = C1 VIN+ > C1 VIN-
bit 5 C2INV: Comparator 2 Output Inversion bit
1 = C2 output inverted
0 = C2 output not inverted
bit 4 C1INV: Comparator 1 Output Inversion bit
1 = C1 output inverted
0 = C1 output not inverted
bit 3 CIS: Comparator Input Switch bit
When CM2:CM0 = 110:
1 = C1 VIN- connects to RF5/AN10/CVREF
C2 VIN- connects to RF3/AN8
0 = C1 VIN- connects to RF6/AN11
C2 VIN- connects to RF4/AN9
bit 2-0 CM<2:0>: Comparator mode bits
Figure 22-1 shows the Comparator modes and the CM2:CM0 bit settings.
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22.1 Comparator Configuration
There are eight modes of operation for the compara-
tors, shown in Figure 22-1. Bits CM<2:0> of the
CMCON register are used to select these modes. The
TRISF register controls the data direction of the
comparator pins for each mode. If the Comparator
mode is changed, the comparator output level may not
be valid for the specified mode change delay shown in
Section 28.0 “Electrical Characteristics”.
FIGURE 22-1: COMPARATOR I/O OPERATING MODES      
Note: Comparator interrupts should be disabled
during a Comparator mode change;
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22.2 Comparator Operation
A single comparator is shown in Figure 22-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 22-2 represent
the uncertainty, due to input offsets and response time.
22.3 Comparator Reference
Depending on the comparator operating mode, either
an external or internal voltage reference may be used.
The analog signal present at VIN- is compared to the
signal at VIN+ and the digital output of the comparator
is adjusted accordingly (Figure 22-2).
FIGURE 22-2: SINGLE COMPARATOR     
22.3.1 EXTERNAL REFERENCE SIGNAL
When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between VSS and VDD and can be applied to either
pin of the comparator(s).
22.3.2 INTERNAL REFERENCE SIGNAL
The comparator module also allows the selection of an
internally generated voltage reference from the
comparator voltage reference module. This module is
described in more detail in Section 23.0 “Comparator
Voltage Reference Module”.
The internal reference is only available in the mode
where four inputs are multiplexed to two comparators
(CM<2:0> = 110). In this mode, the internal voltage
reference is applied to the VIN+ pin of both
comparators. 
22.4 Comparator Response Time
Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal
reference is changed, the maximum delay of the
internal voltage reference must be considered when
using the comparator outputs. Otherwise, the
maximum delay of the comparators should be used
(see Section 28.0 “Electrical Characteristics”).
22.5 Comparator Outputs
The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RF1 and RF2
I/O pins. When enabled, multiplexors in the output path
of the RF1 and RF2 pins will switch and the output of
each pin will be the unsynchronized output of the
comparator. The uncertainty of each of the
comparators is related to the input offset voltage and
the response time given in the specifications.
Figure 22-3 shows the comparator output block
diagram.
The TRISF bits will still function as an output enable/
disable for the RF1 and RF2 pins while in this mode.
The polarity of the comparator outputs can be changed








Note 1: When reading the PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert an analog input according to the
Schmitt Trigger input specification.
2: Analog levels on any pin defined as a
digital input may cause the input buffer to
consume more current than is specified.
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FIGURE 22-3: COMPARATOR OUTPUT BLOCK DIAGRAM         
22.6 Comparator Interrupts
The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that occurred. The CMIF
bit (PIR2<6>) is the Comparator Interrupt Flag. The
CMIF bit must be reset by clearing it. Since it is also
possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.
Both the CMIE bit (PIE2<6>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit (INTCON<7>) must also be set. If
any of these bits are clear, the interrupt is not enabled,
though the CMIF bit will still be set if an interrupt
condition occurs.   
The user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:
a) Any read or write of CMCON will end the
mismatch condition.
b) Clear flag bit, CMIF.
A mismatch condition will continue to set flag bit, CMIF.
Reading CMCON will end the mismatch condition and
allow flag bit, CMIF, to be cleared.
22.7 Comparator Operation 
During Sleep
When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional if enabled. This interrupt will
wake-up the device from Sleep mode, when enabled.
Each operational comparator will consume additional
current, as shown in the comparator specifications. To
minimize power consumption while in Sleep mode, turn
off the comparators (CM<2:0> = 111) before entering
Sleep. If the device wakes up from Sleep, the contents
of the CMCON register are not affected.
22.8 Effects of a Reset
A device Reset forces the CMCON register to its Reset
state, causing the comparator modules to be turned off
(CM<2:0> = 111). However, the input pins (RF3
through RF6) are configured as analog inputs by
default on device Reset. The I/O configuration for these
pins is also determined by the setting of the
PCFG<3:0> bits (ADCON1<3:0>). Therefore, device





























Note: If a change in the CMCON register
(C1OUT or C2OUT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR2
register) interrupt flag may not get set.
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22.9 Analog Input Connection
Considerations
A simplified circuit for an analog input is shown in
Figure 22-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and VSS. The analog input, therefore, must be between
VSS and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur. A maximum source impedance of 10 kΩ is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.
FIGURE 22-4: COMPARATOR ANALOG INPUT MODEL        
TABLE 22-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE  




CMCON C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0 59
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVR0 59
INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 60
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 60
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 60
TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISF0 60













Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to various junctions
RIC = Interconnect Resistance
RS = Source Impedance
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23.0 COMPARATOR VOLTAGE 
REFERENCE MODULE
The comparator voltage reference is a 16-tap resistor
ladder network that provides a selectable reference
voltage. Although its primary purpose is to provide a
reference for the analog comparators, it may also be
used independently of them.
A block diagram of the module is shown in Figure 23-1.
The resistor ladder is segmented to provide two ranges
of CVREF values and has a power-down function to
conserve power when the reference is not being used.
The module’s supply reference can be provided from
either device VDD/VSS or an external voltage reference. 
23.1 Configuring the Comparator 
Voltage Reference
The voltage reference module is controlled through the
CVRCON register (Register 23-1). The comparator
voltage reference provides two ranges of output
voltage, each with 16 distinct levels. The range to be
used is selected by the CVRR bit (CVRCON<5>). The
primary difference between the ranges is the size of the
steps selected by the CVREF Selection bits
(CVR<3:0>), with one range offering finer resolution.
The equations used to calculate the output of the
comparator voltage reference are as follows:
If CVRR = 1: 
CVREF = ((CVR3:CVR0)/24) x (CVRSRC)
If CVRR = 0: 
CVREF = (CVRSRC/4) + ((CVR3:CVR0)/32) x
(CVRSRC)
The comparator reference supply voltage can come
from either VDD and VSS, or the external VREF+ and
VREF- that are multiplexed with RA2 and RA3. The
voltage source is selected by the CVRSS bit
(CVRCON<4>).
The settling time of the comparator voltage reference
must be considered when changing the CVREF
output (see Table 28-3 in Section 28.0 “Electrical
Characteristics”). 
REGISTER 23-1: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN CVROE(1) CVRR CVRSS CVR3 CVR2 CVR1 CVR0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 CVREN: Comparator Voltage Reference Enable bit
1 = CVREF circuit powered on 
0 = CVREF circuit powered down
bit 6 CVROE: Comparator VREF Output Enable bit(1)
1 = CVREF voltage level is also output on the RF5/AN10/CVREF pin 
0 = CVREF voltage is disconnected from the RF5/AN10/CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit
1 = 0 to 0.667 CVRSRC, with CVRSRC/24 step size (low range)
0 = 0.25 CVRSRC to 0.75 CVRSRC, with CVRSRC/32 step size (high range)
bit 4 CVRSS: Comparator VREF Source Selection bit
1 = Comparator reference source, CVRSRC = (VREF+) – (VREF-)
0 = Comparator reference source, CVRSRC = AVDD – AVSS
bit 3-0 CVR<3:0>: Comparator VREF Value Selection bits (0 ≤ (CVR<3:0>) ≤ 15) 
When CVRR = 1: 
CVREF = ((CVR<3:0>)/24) x (CVRSRC)
When CVRR = 0: 
CVREF = (CVRSRC/4) + ((CVR<3:0>)/32) x (CVRSRC)
Note 1: CVROE overrides the TRISF<5> bit setting.
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FIGURE 23-1: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM       
23.2 Voltage Reference Accuracy/Error
The full range of voltage reference cannot be realized
due to the construction of the module. The transistors
on the top and bottom of the resistor ladder network
(Figure 23-1) keep CVREF from approaching the refer-
ence source rails. The voltage reference is derived
from the reference source; therefore, the CVREF output
changes with fluctuations in that source. The tested
absolute accuracy of the voltage reference can be
found in Section 28.0 “Electrical Characteristics”. 
23.3 Operation During Sleep
When the device wakes up from Sleep through an
interrupt or a Watchdog Timer time-out, the contents of
the CVRCON register are not affected. To minimize
current consumption in Sleep mode, the voltage
reference should be disabled.
23.4 Effects of a Reset
A device Reset disables the voltage reference by
clearing bit, CVREN (CVRCON<7>). This Reset also
disconnects the reference from the RF5 pin by clearing
bit, CVROE (CVRCON<6>), and selects the high-
voltage range by clearing bit, CVRR (CVRCON<5>).
The CVR value select bits are also cleared.
23.5 Connection Considerations
The voltage reference module operates independently
of the comparator module. The output of the reference
generator may be connected to the RF5 pin if the
CVROE bit is set. Enabling the voltage reference out-
put onto RF5 when it is configured as a digital input will
increase current consumption. Connecting RF5 as a
digital output with CVRSS enabled will also increase
current consumption.
The RF5 pin can be used as a simple D/A output with
limited drive capability. Due to the limited current drive
capability, a buffer must be used on the voltage
reference output for external connections to VREF.
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FIGURE 23-2: COMPARATOR VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE      
TABLE 23-1: REGISTERS ASSOCIATED WITH COMPARATOR VOLTAGE REFERENCE      




CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVR0 59
CMCON C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0 59
TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISF0 60












Note 1: R is dependent upon the voltage reference Configuration bits, CVRCON<3:0> and CVRCON<5>.
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24.0 HIGH/LOW-VOLTAGE DETECT 
(HLVD)
The PIC18F8722 family of devices have a
High/Low-Voltage Detect module (HLVD). This is a pro-
grammable circuit that allows the user to specify both a
device voltage trip point and the direction of change from
that point. If the device experiences an excursion past
the trip point in that direction, an interrupt flag is set. If the
interrupt is enabled, the program execution will branch to
the interrupt vector address and the software can then
respond to the interrupt.
The High/Low-Voltage Detect Control register
(Register 24-1) completely controls the operation of the
HLVD module. This allows the circuitry to be “turned
off” by the user under software control, which
minimizes the current consumption for the device.
The block diagram for the HLVD module is shown in
Figure 24-1.
REGISTER 24-1: HLVDCON: HIGH/LOW-VOLTAGE DETECT CONTROL REGISTER
R/W-0 U-0 R-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-1
VDIRMAG — IRVST HLVDEN HLVDL3(1) HLVDL2(1) HLVDL1(1) HLVDL0(1)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 VDIRMAG: Voltage Direction Magnitude Select bit
1 = Event occurs when voltage equals or exceeds trip point (HLVDL<3:0>)
0 = Event occurs when voltage equals or falls below trip point (HLVDL<3:0>)
bit 6 Unimplemented: Read as ‘0’
bit 5 IRVST: Internal Reference Voltage Stable Flag bit
1 = Indicates that the voltage detect logic will generate the interrupt flag at the specified voltage range
0 = Indicates that the voltage detect logic will not generate the interrupt flag at the specified voltage
range and the HLVD interrupt should not be enabled 
bit 4 HLVDEN: High/Low-Voltage Detect Power Enable bit
1 = HLVD enabled
0 = HLVD disabled
bit 3-0 HLVDL<3:0>: Voltage Detection Limit bits(1)
1111 = External analog input is used (input comes from the HLVDIN pin) 




0000 = Minimum setting
Note 1: See Table 28-4 for specifications.
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The module is enabled by setting the HLVDEN bit.
Each time that the HLVD module is enabled, the
circuitry requires some time to stabilize. The IRVST bit
is a read-only bit and is used to indicate when the circuit
is stable. The module can only generate an interrupt
after the circuit is stable and IRVST is set.
The VDIRMAG bit determines the overall operation of
the module. When VDIRMAG is cleared, the module
monitors for drops in VDD below a predetermined set
point. When the bit is set, the module monitors for rises
in VDD above the set point. 
24.1 Operation
When the HLVD module is enabled, a comparator uses
an internally generated reference voltage as the set
point. The set point is compared with the trip point,
where each node in the resistor divider represents a
trip point voltage. The “trip point” voltage is the voltage
level at which the device detects a high or low-voltage
event, depending on the configuration of the module.
When the supply voltage is equal to the trip point, the
voltage tapped off of the resistor array is equal to the
internal reference voltage generated by the voltage
reference module. The comparator then generates an
interrupt signal by setting the HLVDIF bit.
The trip point voltage is software programmable to any one
of 16 values. The trip point is selected by programming the
HLVDL<3:0> bits (HLVDCON<3:0>).
The HLVD module has an additional feature that allows
the user to supply the trip voltage to the module from an
external source. This mode is enabled when bits
HLVDL<3:0> are set to ‘1111’. In this state, the
comparator input is multiplexed from the external input
pin, HLVDIN. This gives users flexibility because it
allows them to configure the High/Low-Voltage Detect
interrupt to occur at any voltage in the valid operating
range.
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24.2 HLVD Setup
The following steps are needed to set up the HLVD
module:
1. Write the value to the HLVDL<3:0> bits that
selects the desired HLVD trip point.
2. Set the VDIRMAG bit to detect high voltage
(VDIRMAG = 1) or low voltage (VDIRMAG = 0).
3. Enable the HLVD module by setting the
HLVDEN bit.
4. Clear the HLVD interrupt flag (PIR2<2>), which
may have been set from a previous interrupt.
5. Enable the HLVD interrupt if interrupts are
desired by setting the HLVDIE and GIE bits
(PIE2<2> and INTCON<7>). An interrupt will not
be generated until the IRVST bit is set.
24.3 Current Consumption
When the module is enabled, the HLVD comparator
and voltage divider are enabled and will consume static
current. The total current consumption, when enabled,
is specified in electrical specification parameter D022B
(Section 28.2 “DC Characteristics”).
Depending on the application, the HLVD module does
not need to be operating constantly. To decrease the
current requirements, the HLVD circuitry may only
need to be enabled for short periods where the voltage
is checked. After doing the check, the HLVD module
may be disabled.
24.4 HLVD Start-up Time
The internal reference voltage of the HLVD module,
specified in electrical specification parameter D420
(Section 28.2 “DC Characteristics”), may be used
by other internal circuitry, such as the Programmable
Brown-out Reset. If the HLVD or other circuits using the
voltage reference are disabled to lower the device’s
current consumption, the reference voltage circuit will
require time to become stable before a low or
high-voltage condition can be reliably detected. This
start-up time, TIRVST, is an interval that is independent
of device clock speed. It is specified in electrical
specification parameter 36 (Table 28-12). 
The HLVD interrupt flag is not enabled until TIRVST has
expired and a stable reference voltage is reached. For
this reason, brief excursions beyond the set point may
not be detected during this interval. Refer to
Figure 24-2 or Figure 24-3.








HLVDIF may not be set
Enable HLVD
HLVDIF
HLVDIF cleared in software
HLVDIF cleared in software
HLVDIF cleared in software, 
CASE 1:
CASE 2:
HLVDIF remains set since HLVD condition still exists
TIRVST
Internal Reference is stable
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FIGURE 24-3: HIGH-VOLTAGE DETECT OPERATION (VDIRMAG = 1)         
24.5 Applications
In many applications, the ability to detect a drop below
or rise above a particular threshold is desirable. For
example, the HLVD module could be periodically
enabled to detect Universal Serial Bus (USB) attach or
detach. This assumes the device is powered by a lower
voltage source than the USB when detached. An attach
would indicate a high-voltage detect from, for example,
3.3V to 5V (the voltage on USB) and vice versa for a
detach. This feature could save a design a few extra
components and an attach signal (input pin).
For general battery applications, Figure 24-4 shows a
possible voltage curve. Over time, the device voltage
decreases. When the device voltage reaches voltage
VA, the HLVD logic generates an interrupt at time TA.
The interrupt could cause the execution of an ISR,
which would allow the application to perform “house-
keeping tasks” and perform a controlled shutdown
before the device voltage exits the valid operating
range at TB. The HLVD, thus, would give the applica-
tion a time window, represented by the difference
between TA and TB, to safely exit.
FIGURE 24-4: TYPICAL LOW-VOLTAGE 








HLVDIF may not be set
Enable HLVD
HLVDIF
HLVDIF cleared in software
HLVDIF cleared in software
HLVDIF cleared in software, 
CASE 1:
CASE 2:
HLVDIF remains set since HLVD condition still exists
TIRVST
IRVST
Internal Reference is stable












VA = HLVD trip point
VB = Minimum valid device
         operating voltage
Legend:
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24.6 Operation During Sleep
When enabled, the HLVD circuitry continues to operate
during Sleep. If the device voltage crosses the trip
point, the HLVDIF bit will be set and the device will
wake-up from Sleep. Device execution will continue
from the interrupt vector address if interrupts have
been globally enabled.
24.7 Effects of a Reset   
A device Reset forces all registers to their Reset state.
This forces the HLVD module to be turned off. 
TABLE 24-1: REGISTERS ASSOCIATED WITH HIGH/LOW-VOLTAGE DETECT MODULE




HLVDCON VDIRMAG — IRVST HLVDEN HLVDL3 HLVDL2 HLVDL1 HLVDL0 58
INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 57
PIR2 OSCFIF CMIF — EEIF BCL1IF HLVDIF TMR3IF CCP2IF 60
PIE2 OSCFIE CMIE — EEIE BCL1IE HLVDIE TMR3IE CCP2IE 60
IPR2 OSCFIP CMIP — EEIP BCL1IP HLVDIP TMR3IP CCP2IP 60
TRISA TRISA7(1) TRISA6(1) TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 60
Legend: — = unimplemented, read as ‘0’. Shaded cells are unused by the HLVD module.
Note 1: PORTA<7:6> and their direction bits are individually configured as port pins based on various primary 
oscillator modes. When disabled, these bits read as ‘0’.
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25.0 SPECIAL FEATURES OF THE 
CPU
The PIC18F8722 family of devices include several fea-
tures intended to maximize reliability and minimize cost
through elimination of external components. These are:
• Oscillator Selection
• Resets:
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
• Interrupts
• Watchdog Timer (WDT)




• In-Circuit Serial Programming
The oscillator can be configured for the application
depending on frequency, power, accuracy and cost. All
of the options are discussed in detail in Section 2.0
“Oscillator Configurations”.
A complete discussion of device Resets and interrupts
is available in previous sections of this data sheet.
In addition to their Power-up and Oscillator Start-up
Timers provided for Resets, the PIC18F8722 family of
devices has a Watchdog Timer, which is either perma-
nently enabled via the Configuration bits or software
controlled (if configured as disabled).
The inclusion of an internal RC oscillator also provides
the additional benefits of a Fail-Safe Clock Monitor
(FSCM) and Two-Speed Start-up. FSCM provides for
background monitoring of the peripheral clock and
automatic switchover in the event of its failure. Two-
Speed Start-up enables code to be executed almost
immediately on start-up, while the primary clock source
completes its start-up delays. 
All of these features are enabled and configured by
setting the appropriate Configuration register bits.
25.1 Configuration Bits
The Configuration bits can be programmed (read as
‘0’) or left unprogrammed (read as ‘1’) to select various
device Configurations. These bits are mapped starting
at program memory location 300000h.
The user will note that address 300000h is beyond the
user program memory space. In fact, it belongs to the
configuration memory space (300000h-3FFFFFh),
which can only be accessed using table reads and
table writes.
Programming the Configuration registers is done in a
manner similar to programming the Flash memory. The
WR bit in the EECON1 register starts a self-timed write
to the Configuration register. In normal operation mode,
a TBLWT instruction with the TBLPTR pointing to the
Configuration register sets up the address and the data
for the Configuration register write. Setting the WR bit
starts a long write to the Configuration register. The
Configuration registers are written a byte at a time. To
write or erase a configuration cell, a TBLWT instruction
can write a ‘1’ or a ‘0’ into the cell. For additional details
on Flash programming, refer to Section 6.5 “Writing
to Flash Program Memory”.
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TABLE 25-1: CONFIGURATION BITS AND DEVICE IDs         




300001h CONFIG1H IESO FCMEN — — FOSC3 FOSC2 FOSC1 FOSC0 00-- 0111
300002h CONFIG2L — — — BORV1 BORV0 BOREN1 BOREN0 PWRTEN ---1 1111
300003h CONFIG2H — — — WDTPS3 WDTPS2 WDTPS1 WDTPS0 WDTEN ---1 1111
300004h CONFIG3L(5) WAIT BW ABW1 ABW0 — — PM1 PM0 1111 --11
300005h CONFIG3H MCLRE — — — — LPT1OSC ECCPMX(5) CCP2MX 1--- -011
300006h CONFIG4L DEBUG XINST BBSIZ1 BBSIZ0 — LVP — STVREN 1000 -1-1
300008h CONFIG5L CP7(1) CP6(1) CP5(2) CP4(2) CP3(3) CP2 CP1 CP0 1111 1111
300009h CONFIG5H CPD CPB — — — — — — 11-- ----
30000Ah CONFIG6L WRT7(1) WRT6(1) WRT5(2) WRT4(2) WRT3(3) WRT2 WRT1 WRT0 1111 1111
30000Bh CONFIG6H WRTD WRTB WRTC — — — — — 111- ----
30000Ch CONFIG7L EBRT7(1) EBRT6(1) EBTR5(2) EBTR4(2) EBTR3(3) EBTR2 EBTR1 EBTR0 1111 1111
30000Dh CONFIG7H — EBTRB — — — — — — -1-- ----
3FFFFEh DEVID1(4) DEV2 DEV1 DEV0 REV4 REV3 REV2 REV1 REV0 xxxx xxxx
3FFFFFh DEVID2(4) DEV10 DEV9 DEV8 DEV7 DEV6 DEV5 DEV4 DEV3 xxxx xxxx
Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition. 
Shaded cells are unimplemented, read as ‘0’.
Note 1: Unimplemented in PIC18F6527/6622/6627/8527/8622/8627 devices.
2: Unimplemented in PIC18F6527/6622/8527/8622 devices.
3: Unimplemented in PIC18F6527/8527 devices.
4: See Register 25-13 for DEVID1 values. DEVID registers are read-only and cannot be programmed by the user.
5: Unimplemented in PIC18F6527/6622/6627/6722 devices.
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REGISTER 25-1: CONFIG1H: CONFIGURATION REGISTER 1 HIGH (BYTE ADDRESS 300001h)
R/P-0 R/P-0 U-0 U-0 R/P-0 R/P-1 R/P-1 R/P-1
IESO FCMEN — — FOSC3 FOSC2 FOSC1 FOSC0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IESO: Internal/External Oscillator Switchover bit
1 = Two-Speed Start-up enabled
0 = Two-Speed Start-up disabled
bit 6 FCMEN: Fail-Safe Clock Monitor Enable bit
1 = Fail-Safe Clock Monitor enabled
0 = Fail-Safe Clock Monitor disabled
bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 FOSC<3:0>: Oscillator Selection bits
11xx = External RC oscillator, CLKO function on RA6
101x = External RC oscillator, CLKO function on RA6
1001 = Internal oscillator block, CLKO function on RA6, port function on RA7
1000 = Internal oscillator block, port function on RA6 and RA7
0111 = External RC oscillator, port function on RA6
0110 = HS oscillator, PLL enabled (Clock Frequency = 4 x FOSC1)
0101 = EC oscillator, port function on RA6
0100 = EC oscillator, CLKO function on RA6
0011 = External RC oscillator, CLKO function on RA6
0010 = HS oscillator
0001 = XT oscillator
0000 = LP oscillator
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REGISTER 25-2: CONFIG2L: CONFIGURATION REGISTER 2 LOW (BYTE ADDRESS 300002h)
U-0 U-0 U-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
— — — BORV1(1) BORV0(1) BOREN1(2) BOREN0(2) PWRTEN(2)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-3 BORV<1:0>: Brown-out Reset Voltage bits(1)




00 = Maximum setting
bit 2-1 BOREN<1:0>: Brown-out Reset Enable bits(2)
11 = Brown-out Reset enabled in hardware only (SBOREN is disabled)
10 = Brown-out Reset enabled in hardware only and disabled in Sleep mode (SBOREN is disabled) 
01 = Brown-out Reset enabled and controlled by software (SBOREN is enabled) 
00 = Brown-out Reset disabled in hardware and software
bit 0 PWRTEN: Power-up Timer Enable bit(2)
1 = PWRT disabled 
0 = PWRT enabled 
Note 1: See Section 28.1 “DC Characteristics: Supply Voltage” for specifications.
2: The Power-up Timer is decoupled from Brown-out Reset, allowing these features to be independently con-
trolled.
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REGISTER 25-3: CONFIG2H: CONFIGURATION REGISTER 2 HIGH (BYTE ADDRESS 300003h)
U-0 U-0 U-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
— — — WDTPS3 WDTPS2 WDTPS1 WDTPS0 WDTEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’ 

















bit 0 WDTEN: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled (control is placed on the SWDTEN bit)
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REGISTER 25-4: CONFIG3L: CONFIGURATION REGISTER 3 LOW (BYTE ADDRESS 300004h)(1)
R/P-1 R/P-1 R/P-1 R/P-1 U-0 U-0 R/P-1 R/P-1
WAIT BW ABW1 ABW0 — — PM1 PM0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 WAIT: External Bus Data Wait Enable bit
1 = Wait selections are unavailable for table reads and table writes
0 = Wait selections for table reads and table writes are determined by the WAIT<1:0> bits
bit 6 BW: Data Bus Width Select bit
1 = 16-bit External Bus mode
0 = 8-bit External Bus mode
bit 5-4 ABW<1:0>: Address Bus Width Select bits
11 =  20-bit address bus
10 =  16-bit address bus
01 =  12-bit address bus
00 =  8-bit address bus
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 PM<1:0>: Processor Data Memory Mode Select bits
11 =  Microcontroller mode
10 =  Microprocessor mode
01 =  Microprocessor with Boot Block mode
00 =  Extended Microcontroller mode
Note 1: This register is unimplemented in PIC18F6527/6622/6627/6722 devices.
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REGISTER 25-5: CONFIG3H: CONFIGURATION REGISTER 3 HIGH (BYTE ADDRESS 300005h)
R/P-1 U-0 U-0 U-0 U-0 R/P-0 R/P-1 R/P-1
MCLRE — — — — LPT1OSC ECCPMX(1) CCP2MX
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 MCLRE: MCLR Pin Enable bit 
1 = MCLR pin enabled; RG5 input pin disabled
0 = RG5 input pin enabled; MCLR disabled
bit 6-3 Unimplemented: Read as ‘0’
bit 2 LPT1OSC: Low-Power Timer1 Oscillator Enable bit
1 = Timer1 configured for low-power operation
0 = Timer1 configured for higher power operation
bit 1 ECCPMX: ECCP MUX bit(1)
1 = ECCP1/3 (P1B/P1C/P3B/P3C) are multiplexed onto RE6, RE5, RE4 and RE3 respectively
0 = ECCP1/3 (P1B/P1C/P3B/P3C) are multiplexed onto RH7, RH6, RH5 and RH4 respectively
bit 0 CCP2MX: CCP2 MUX bit
1 = ECCP2 input/output is multiplexed with RC1 
0 = ECCP2 input/output is multiplexed with RB3 in Extended Microcontroller, Microprocessor or
Microprocessor with Boot Block mode(1). ECCP2 is multiplexed with RE7 in Microcontroller mode.
Note 1: This feature is only available on PIC18F8527/8622/8627/8722 devices.
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REGISTER 25-6: CONFIG4L: CONFIGURATION REGISTER 4 LOW (BYTE ADDRESS 300006h)
R/P-1 R/P-0 R/P-0 R/P-0 U-0 R/P-1 U-0 R/P-1
DEBUG XINST BBSIZ1 BBSIZ0 — LVP — STVREN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 DEBUG: Background Debugger Enable bit
1 = Background debugger disabled, RB6 and RB7 configured as general purpose I/O pins 
0 = Background debugger enabled, RB6 and RB7 are dedicated to In-Circuit Debug
bit 6 XINST: Extended Instruction Set Enable bit
1 = Instruction set extension and Indexed Addressing mode enabled 
0 = Instruction set extension and Indexed Addressing mode disabled (Legacy mode)
bit 5-4 BBSIZ<1:0>: Boot Block Size Select bits
11 = 4K words (8 Kbytes) boot block size
10 = 4K words (8 Kbytes) boot block size
01 = 2K words (4 Kbytes) boot block size
00 = 1K word (2 Kbytes) boot block size
bit 3 Unimplemented: Read as ‘0’
bit 2 LVP: Single-Supply ICSP™ Enable bit
1 = Single-Supply ICSP enabled 
0 = Single-Supply ICSP disabled
bit 1 Unimplemented: Read as ‘0’
bit 0 STVREN: Stack Full/Underflow Reset Enable bit
1 = Stack full/underflow will cause Reset 
0 = Stack full/underflow will not cause Reset 
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REGISTER 25-7: CONFIG5L: CONFIGURATION REGISTER 5 LOW (BYTE ADDRESS 300008h)
R/C-1 R/C-1 R/C-1 R/C-1 R/C-1 R/C-1 R/C-1 R/C-1
CP7(1) CP6(1) CP5(2) CP5(2) CP3(3) CP2 CP1 CP0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 CP7: Code Protection bit(1)
1 = Block 7 (01C000-01FFFFh) not code-protected 
0 = Block 7 (01C000-01FFFFh) code-protected
bit 6 CP6: Code Protection bit(1)
1 = Block 6 (01BFFF-018000h) not code-protected 
0 = Block 6 (01BFFF-018000h) code-protected
bit 5 CP5: Code Protection bit(2)
1 = Block 5 (014000-017FFFh) not code-protected 
0 = Block 5 (014000-017FFFh) code-protected
bit 4 CP4: Code Protection bit(2)
1 = Block 4 (010000-013FFFh) not code-protected 
0 = Block 4 (010000-013FFFh) code-protected
bit 3 CP3: Code Protection bit(3)
1 = Block 3 (00C000-00FFFFh) not code-protected 
0 = Block 3 (00C000-00FFFFh) code-protected
bit 2 CP2: Code Protection bit
1 = Block 2 (008000-00BFFFh) not code-protected 
0 = Block 2 (008000-00BFFFh) code-protected 
bit 1 CP1: Code Protection bit
1 = Block 1 (004000-007FFFh) not code-protected 
0 = Block 1 (004000-007FFFh) code-protected 
bit 0 CP0: Code Protection bit
1 = Block 0 (000800, 001000 or 002000(4)-003FFFh) not code-protected 
0 = Block 0 (000800, 001000 or 002000(4)-003FFFh) code-protected
Note 1: Unimplemented in PIC18F6527/6622/6627/8527/8622/8627 devices; maintain this bit set.
2: Unimplemented in PIC18F6527/6622/8527/8622 devices; maintain this bit set.
3: Unimplemented in PIC18F6527/8527 devices; maintain this bit set.
4: Boot block size is determined by the BBSIZ<1:0> bits in CONFIG4L.
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REGISTER 25-8: CONFIG5H: CONFIGURATION REGISTER 5 HIGH (BYTE ADDRESS 300009h)
R/C-1 R/C-1 U-0 U-0 U-0 U-0 U-0 U-0
CPD CPB — — — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 CPD: Data EEPROM Code Protection bit
1 = Data EEPROM not code-protected
0 = Data EEPROM code-protected
bit 6 CPB: Boot Block Code Protection bit
1 = Boot block (000000-0007FFh) not code-protected
0 = Boot block (000000-0007FFh) code-protected
bit 5-0 Unimplemented: Read as ‘0’
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REGISTER 25-9: CONFIG6L: CONFIGURATION REGISTER 6 LOW (BYTE ADDRESS 30000Ah)
R/C-1 R/C-1 R/C-1 R/C-1 R/C-1 R/C-1 R/C-1 R/C-1
WRT7(1) WRT6(1) WRT5(2) WRT4(2) WRT3(3) WRT2 WRT1 WRT0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 WRT7: Write Protection bit(1)
1 = Block 7 (01C000-01FFFFh) not write-protected 
0 = Block 7 (01C000-01FFFFh) write-protected
bit 6 WRT6: Write Protection bit(1)
1 = Block 6 (01BFFF-018000h) not write-protected 
0 = Block 6 (01BFFF-018000h) write-protected
bit 5 WRT5: Write Protection bit(2)
1 = Block 5 (014000-017FFFh) not write-protected 
0 = Block 5 (014000-017FFFh) write-protected
bit 4 WRT4: Write Protection bit(2)
1 = Block 4 (010000-013FFFh) not write-protected 
0 = Block 4 (010000-013FFFh) write-protected
bit 3 WRT3: Write Protection bit(3)
1 = Block 3 (00C000-00FFFFh) not write-protected 
0 = Block 3 (00C000-00FFFFh) write-protected
bit 2 WRT2: Write Protection bit
1 = Block 2 (008000-00BFFFh) not write-protected 
0 = Block 2 (008000-00BFFFh) write-protected 
bit 1 WRT1: Write Protection bit
1 = Block 1 (004000-007FFFh) not write-protected 
0 = Block 1 (004000-007FFFh) write-protected 
bit 0 WRT0: Write Protection bit
1 = Block 0 (000800, 001000 or 002000(4)-003FFFh) not write-protected 
0 = Block 0 (000800, 001000 or 002000(4)-003FFFh) write-protected
Note 1: Unimplemented in PIC18F6527/6622/6627/8527/8622/8627 devices; maintain this bit set.
2: Unimplemented in PIC18F6527/6622/8527/8622 devices; maintain this bit set.
3: Unimplemented in PIC18F6527/8527 devices; maintain this bit set.
4: Boot block size is determined by the BBSIZ<1:0> bits in CONFIG4L.
PIC18F8722 FAMILY
DS39646C-page 308 © 2008 Microchip Technology Inc.
REGISTER 25-10: CONFIG6H: CONFIGURATION REGISTER 6 HIGH (BYTE ADDRESS 30000Bh)
R/C-1 R/C-1 R-1 U-0 U-0 U-0 U-0 U-0
WRTD WRTB WRTC(2) — — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 WRTD: Data EEPROM Write Protection bit
1 = Data EEPROM not write-protected
0 = Data EEPROM write-protected
bit 6 WRTB: Boot Block Write Protection bit
1 = Boot block (000000-007FFF, 000FFF or 001FFFh(1)) not write-protected
0 = Boot block (000000-007FFF, 000FFF or 001FFFh(1)) write-protected
bit 5 WRTC: Configuration Register Write Protection bit(2)
1 = Configuration registers (300000-3000FFh) not write-protected
0 = Configuration registers (300000-3000FFh) write-protected
bit 4-0 Unimplemented: Read as ‘0’
Note 1: Boot block size is determined by the BBSIZ<1:0> bits in CONFIG4L.
2: This bit is read-only in normal execution mode; it can be written only in Program mode.
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REGISTER 25-11: CONFIG7L: CONFIGURATION REGISTER 7 LOW (BYTE ADDRESS 30000Ch)
R/C-1 R/C-1 R/C-1 R/C-1 R/C-1 R/C-1 R/C-1 R/C-1
EBTR7(1) EBTR6(1) EBTR5(2) EBTR4(2) EBTR3(3) EBTR2 EBTR1 EBTR0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 EBTR7: Table Read Protection bit(1)
1 = Block 7 (01C000-01FFFFh) not protected from table reads executed in other blocks
0 = Block 7 (01C000-01FFFFh) protected from table reads executed in other blocks
bit 6 EBTR6: Table Read Protection bit(1)
1 = Block 6 (018000-01BFFFh) not protected from table reads executed in other blocks
0 = Block 6 (018000-01BFFFh) protected from table reads executed in other blocks
bit 5 EBTR5: Table Read Protection bit(2)
1 = Block 5 (014000-017FFFh) not protected from table reads executed in other blocks
0 = Block 5 (014000-017FFFh) protected from table reads executed in other blocks
bit 4 EBTR4: Table Read Protection bit(2)
1 = Block 4 (010000-013FFFh) not protected from table reads executed in other blocks
0 = Block 4 (010000-013FFFh) protected from table reads executed in other blocks
bit 3 EBTR3: Table Read Protection bit(3)
1 = Block 3 (00C000-00FFFFh) not protected from table reads executed in other blocks
0 = Block 3 (00C000-00FFFFh) protected from table reads executed in other blocks
bit 2 EBTR2: Table Read Protection bit
1 = Block 2 (008000-00BFFFh) not protected from table reads executed in other blocks 
0 = Block 2 (008000-00BFFFh) protected from table reads executed in other blocks
bit 1 EBTR1: Table Read Protection bit
1 = Block 1 (004000-007FFFh) not protected from table reads executed in other blocks 
0 = Block 1 (004000-007FFFh) protected from table reads executed in other blocks
bit 0 EBTR0: Table Read Protection bit
1 = Block 0 (000800, 001000 or 002000(4)-003FFFh) not protected from table reads executed in other
blocks 
0 = Block 0 (000800, 001000 or 002000(4)-003FFFh) protected from table reads executed in other
blocks
Note 1: Unimplemented in PIC18F6527/6622/6627/8527/8622/8627 devices; maintain this bit set.
2: Unimplemented in PIC18F6527/6622/8527/8622 devices; maintain this bit set.
3: Unimplemented in PIC18F6527/8527 devices; maintain this bit set.
4: Unimplemented in PIC18F6527/8527 devices; maintain this bit set.
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REGISTER 25-12: CONFIG7H: CONFIGURATION REGISTER 7 HIGH (BYTE ADDRESS 30000Dh)
U-0 R/C-1 U-0 U-0 U-0 U-0 U-0 U-0
— EBTRB — — — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’ 
bit 6 EBTRB: Boot Block Table Read Protection bit
1 = Boot block (000000-007FFF, 000FFF or 001FFFh(1)) not protected from table reads executed in
other blocks
0 = Boot block (000000-007FFF, 000FFF or 001FFFh(1)) protected from table reads executed in other
blocks
bit 5-0 Unimplemented: Read as ‘0’ 
Note 1: Boot block size is determined by the BBSIZ<1:0> bits in CONFIG4L.
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REGISTER 25-13: DEVID1: DEVICE ID REGISTER 1 FOR THE PIC18F8722 FAMILY
R R R R R R R R
DEV2 DEV1 DEV0 REV4 REV3 REV2 REV1 REV0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown









bit 4-0 REV<4:0>: Revision ID bits
These bits are used to indicate the device revision.
REGISTER 25-14: DEVID2: DEVICE ID REGISTER 2 FOR THE PIC18F8722 FAMILY
R R R R R R R R
DEV10(1) DEV9(1) DEV8(1) DEV7(1) DEV6(1) DEV5(1) DEV4(1) DEV3(1)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 DEV<10:3>: Device ID bits(1)
These bits are used with the DEV<2:0> bits in the Device ID Register 1 to identify the part number.
0001 0100 = PIC18F6722/8722 devices
0001 0011 = PIC18F6527/6622/6627/8527/8622/8627 devices
Note 1: These values for DEV<10:3> may be shared with other devices. The specific device is always identified by 
using the entire DEV<10:0> bit sequence.
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25.2 Watchdog Timer (WDT)
For the PIC18F8722 family of devices, the WDT is
driven by the INTRC source. When the WDT is
enabled, the clock source is also enabled. The nominal
WDT period is 4 ms and has the same stability as the
INTRC oscillator.
The 4 ms period of the WDT is multiplied by a 16-bit
postscaler. Any output of the WDT postscaler is
selected by a multiplexor, controlled by bits in
Configuration Register 2H. Available periods range
from 4 ms to 131.072 seconds (2.18 minutes). The
WDT and postscaler are cleared when any of the
following events occur: a SLEEP or CLRWDT instruction
is executed, the IRCF bits (OSCCON<6:4>) are
changed or a clock failure has occurred.
 
25.2.1 CONTROL REGISTER
Register 25-15 shows the WDTCON register. This is a
readable and writable register which contains a control
bit that allows software to override the WDT enable
Configuration bit, but only if the Configuration bit has
disabled the WDT.
FIGURE 25-1: WDT BLOCK DIAGRAM
Note 1: The CLRWDT and SLEEP instructions
clear the WDT and postscaler counts
when executed.
2: Changing the setting of the IRCF bits
(OSCCON<6:4>) clears the WDT and
postscaler counts.
3: When a CLRWDT instruction is executed,



















Change on IRCF bits
Modes
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TABLE 25-2: SUMMARY OF WATCHDOG TIMER REGISTERS        
REGISTER 25-15: WDTCON: WATCHDOG TIMER CONTROL REGISTER
U-0 U-0 U-0 U-0 U-0 U-0 U-0 R/W-0
— — — — — — — SWDTEN(1)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-1 Unimplemented: Read as ‘0’
bit 0 SWDTEN: Software Controlled Watchdog Timer Enable bit(1) 
1 = Watchdog Timer is on
0 = Watchdog Timer is off
Note 1: This bit has no effect if the Configuration bit, WDTEN, is enabled. 




RCON IPEN SBOREN — RI TO PD POR BOR 56
WDTCON — — — — — — — SWDTEN 58
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Watchdog Timer.
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25.3 Two-Speed Start-up
The Two-Speed Start-up feature helps to minimize the
latency period from oscillator start-up to code execution
by allowing the microcontroller to use the INTOSC
oscillator as a clock source until the primary clock
source is available. It is enabled by setting the IESO
Configuration bit. 
Two-Speed Start-up should be enabled only if the
primary oscillator mode is LP, XT, HS or HSPLL
(crystal-based modes). Other sources do not require
an OST start-up delay; for these, Two-Speed Start-up
should be disabled.
When enabled, Resets and wake-ups from Sleep mode
cause the device to configure itself to run from the
internal oscillator block as the clock source, following
the time-out of the Power-up Timer after a Power-on
Reset is enabled. This allows almost immediate code
execution while the primary oscillator starts and the
OST is running. Once the OST times out, the device
automatically switches to PRI_RUN mode. 
To use a higher clock speed on wake-up, the INTOSC
or postscaler clock sources can be selected to provide
a higher clock speed by setting bits IRCF<2:0>
immediately after Reset. For wake-ups from Sleep, the
INTOSC or postscaler clock sources can be selected
by setting the IRCF2:0> bits prior to entering Sleep
mode. 
In all other power-managed modes, Two-Speed Start-
up is not used. The device will be clocked by the
currently selected clock source until the primary clock
source becomes available. The setting of the IESO bit
is ignored.
25.3.1 SPECIAL CONSIDERATIONS FOR 
USING TWO-SPEED START-UP
While using the INTOSC oscillator in Two-Speed Start-
up, the device still obeys the normal command
sequences for entering power-managed modes,
including multiple SLEEP instructions (refer to
Section 3.1.4 “Multiple Sleep Commands”). In
practice, this means that user code can change the
SCS<1:0> bit settings or issue SLEEP instructions
before the OST times out. This would allow an
application to briefly wake-up, perform routine
“housekeeping” tasks and return to Sleep before the
device starts to operate from the primary oscillator. 
User code can also check if the primary clock source is
currently providing the device clocking by checking the
status of the OSTS bit (OSCCON<3>). If the bit is set,
the primary oscillator is providing the clock. Otherwise,
the internal oscillator block is providing the clock during
wake-up from Reset or Sleep mode.


















Note 1: TOST = 1024 TOSC; TPLL = 2 ms (approx). These intervals are not shown to scale.
2: Clock transition typically occurs within 2-4 TOSC.
Wake from Interrupt Event
TPLL(1)
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25.4 Fail-Safe Clock Monitor
The Fail-Safe Clock Monitor (FSCM) allows the
microcontroller to continue operation in the event of an
external oscillator failure by automatically switching the
device clock to the internal oscillator block. The FSCM
function is enabled by setting the FCMEN Configuration
bit.
When FSCM is enabled, the INTRC oscillator runs at
all times to monitor clocks to peripherals and provide a
backup clock in the event of a clock failure. Clock
monitoring (shown in Figure 25-3) is accomplished by
creating a sample clock signal, which is the INTRC out-
put divided by 64. This allows ample time between
FSCM sample clocks for a peripheral clock edge to
occur. The peripheral device clock and the sample
clock are presented as inputs to the Clock Monitor latch
(CM). The CM is set on the falling edge of the device
clock source, but cleared on the rising edge of the
sample clock. 
FIGURE 25-3: FSCM BLOCK DIAGRAM 
Clock failure is tested for on the falling edge of the
sample clock. If a sample clock falling edge occurs
while CM is still set, a clock failure has been detected
(Figure 25-4). This causes the following: 
• the FSCM generates an oscillator fail interrupt by 
setting bit, OSCFIF (PIR2<7>); 
• the device clock source is switched to the internal 
oscillator block (OSCCON is not updated to show 
the current clock source – this is the fail-safe 
condition) and
• the WDT is reset.
During switchover, the postscaler frequency from the
internal oscillator block may not be sufficiently stable for
timing sensitive applications. In these cases, it may be
desirable to select another clock configuration and enter
an alternate power-managed mode. This can be done to
attempt a partial recovery or execute a controlled shut-
down. See Section 3.1.4 “Multiple Sleep Commands”
and Section 25.3.1 “Special Considerations for
Using Two-Speed Start-up” for more details. 
To use a higher clock speed on wake-up, the INTOSC
or postscaler clock sources can be selected to provide
a higher clock speed by setting bits, IRCF<2:0>,
immediately after Reset. For wake-ups from Sleep, the
INTOSC or postscaler clock sources can be selected
by setting the IRCF<2:0> bits prior to entering Sleep
mode.
The FSCM will detect failures of the primary or second-
ary clock sources only. If the internal oscillator block
fails, no failure would be detected, nor would any action
be possible.
25.4.1 FSCM AND THE WATCHDOG TIMER
Both the FSCM and the WDT are clocked by the
INTRC oscillator. Since the WDT operates with a
separate divider and counter, disabling the WDT has
no effect on the operation of the INTRC oscillator when
the FSCM is enabled.
As already noted, the clock source is switched to the
INTOSC clock when a clock failure is detected.
Depending on the frequency selected by the
IRCF<2:0> bits, this may mean a substantial change in
the speed of code execution. If the WDT is enabled
with a small prescale value, a decrease in clock speed
allows a WDT time-out to occur and a subsequent
device Reset. For this reason, fail-safe clock events
also reset the WDT and postscaler, allowing it to start
timing from when execution speed was changed and
decreasing the likelihood of an erroneous time-out.
25.4.2 EXITING FAIL-SAFE OPERATION
The fail-safe condition is terminated by either a device
Reset or by entering a power-managed mode. On
Reset, the controller starts the primary clock source
specified in Configuration Register 1H (with any
required start-up delays that are required for the
oscillator mode, such as OST or PLL timer). The
INTOSC multiplexor provides the device clock until the
primary clock source becomes ready (similar to a Two-
Speed Start-up). The clock source is then switched to
the primary clock (indicated by the OSTS bit in the
OSCCON register becoming set). The Fail-Safe Clock
Monitor then resumes monitoring the peripheral clock.
The primary clock source may never become ready
during start-up. In this case, operation is clocked by the
INTOSC multiplexor. The OSCCON register will remain
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FIGURE 25-4: FSCM TIMING DIAGRAM 
25.4.3 FSCM INTERRUPTS IN 
POWER-MANAGED MODES
By entering a power-managed mode, the clock
multiplexor selects the clock source selected by the
OSCCON register. Fail-Safe Monitoring of the power-
managed clock source resumes in the power-managed
mode.
If an oscillator failure occurs during power-managed
operation, the subsequent events depend on whether
or not the oscillator failure interrupt is enabled. If
enabled (OSCFIF = 1), code execution will be clocked
by the INTOSC multiplexer. An automatic transition
back to the failed clock source will not occur.
If the interrupt is disabled, subsequent interrupts while
in Idle mode will cause the CPU to begin executing
instructions while being clocked by the INTOSC
source.
25.4.4 POR OR WAKE FROM SLEEP
The FSCM is designed to detect oscillator failure at any
point after the device has exited Power-on Reset
(POR) or low-power Sleep mode. When the primary
device clock is EC, RC or INTRC modes, monitoring
can begin immediately following these events. 
For oscillator modes involving a crystal or resonator
(HS, HSPLL, LP or XT), the situation is somewhat
different. Since the oscillator may require a start-up
time considerably longer than the FCSM sample clock
time, a false clock failure may be detected. To prevent
this, the internal oscillator block is automatically config-
ured as the device clock and functions until the primary
clock is stable (the OST and PLL timers have timed
out). This is identical to Two-Speed Start-up mode.
Once the primary clock is stable, the INTRC returns to
its role as the FSCM source.
As noted in Section 25.3.1 “Special Considerations
for Using Two-Speed Start-up”, it is also possible to
select another clock configuration and enter an
alternate power-managed mode while waiting for the
primary clock to become stable. When the new power-












Note: The device clock is normally at a much higher frequency than the sample clock. The relative frequencies in this
example have been chosen for clarity.
(Q)
CM Test CM Test CM Test
Note: The same logic that prevents false oscilla-
tor failure interrupts on POR, or wake from
Sleep, will also prevent the detection of
the oscillator’s failure to start at all follow-
ing these events. This can be avoided by
monitoring the OSTS bit and using a
timing routine to determine if the oscillator
is taking too long to start. Even so, no
oscillator failure interrupt will be flagged. 
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25.5 Program Verification and 
Code Protection
The user program memory is divided into four blocks
for PIC18F6527/8527 devices, five blocks for
PIC18F6622/8622 devices, six blocks for PIC18F6627/
8627 devices and eight blocks for PIC18F6722/8722
devices. One of these is a boot block of 2, 4 or
8 Kbytes. The remainder of the memory is divided into
blocks on binary boundaries. 
Each of the blocks has three code protection bits
associated with them. They are:
• Code-Protect bit (CPn)
• Write-Protect bit (WRTn)
• External Block Table Read bit (EBTRn) 
Figure 25-5 shows the program memory organization for
48, 64, 96 and 128-Kbyte devices and the specific code
protection bit associated with each block. The actual
locations of the bits are summarized in Table 25-3.





Note: Sizes of memory areas are not to scale.
















Address   
Range










Block 1 Block 1 Block 1 Block 1
004000h
007FFFh
Block 2 Block 2 Block 2 Block 2
008000h
00BFFFh
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TABLE 25-3: SUMMARY OF CODE PROTECTION REGISTERS
25.5.1 PROGRAM MEMORY
CODE PROTECTION
The program memory may be read to or written from
any location using the table read and table write
instructions. The device ID may be read with table
reads. The Configuration registers may be read and
written with the table read and table write instructions. 
In normal execution mode, the CPn bits have no direct
effect. CPn bits inhibit external reads and writes. A block
of user memory may be protected from table writes if the
WRTn Configuration bit is ‘0’. The EBTRn bits control
table reads. For a block of user memory with the EBTRn
bit set to ‘0’, a table read instruction that executes from
within that block is allowed to read. A table read instruc-
tion that executes from a location outside of that block is
not allowed to read and will result in reading ‘0’s.
Figures 25-6 through 25-8 illustrate table write and table
read protection.
FIGURE 25-6: TABLE WRITE (WRTn) DISALLOWED
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
300008h CONFIG5L CP7(1) CP6(1) CP5(2) CP4(2) CP3(3) CP2 CP1 CP0
300009h CONFIG5H CPD CPB — — — — — —
30000Ah CONFIG6L WRT7(1) WRT6(1) WRT5(2) WRT4(2) WRT3(3) WRT2 WRT1 WRT0
30000Bh CONFIG6H WRTD WRTB WRTC — — — — —
30000Ch CONFIG7L EBRT7(1) EBRT6(1) EBTR5(2) EBTR4(2) EBTR3(3) EBTR2 EBTR1 EBTR0
30000Dh CONFIG7H — EBTRB — — — — — —
Legend: Shaded cells are unimplemented.
Note 1: Unimplemented in PIC18F6527/6622/6627/8527/8622/8627 devices; maintain this bit set.
2: Unimplemented in PIC18F6527/6622/8527/8622 devices; maintain this bit set.
3: Unimplemented in PIC18F6527/8527 devices; maintain this bit set.
Note: Code protection bits may only be written to
a ‘0’ from a ‘1’ state. It is not possible to
write a ‘1’ to a bit in the ‘0’ state. Code
protection bits are only set to ‘1’ by a full
chip erase or block erase function. The full
chip erase and block erase functions can
only be initiated via ICSP or an external
programmer. Refer to the device












WRTB, EBTRB = 11
WRT0, EBTR0 = 01
WRT1, EBTR1 = 11
WRT2, EBTR2 = 11





Register Values Program Memory Configuration Bit Settings
Results: All table writes disabled to Blockn whenever WRTn = 0.
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FIGURE 25-7: EXTERNAL BLOCK TABLE READ (EBTRn) DISALLOWED
FIGURE 25-8: EXTERNAL BLOCK TABLE READ (EBTRn) ALLOWED
WRTB, EBTRB = 11
WRT0, EBTR0 = 10
WRT1, EBTR1 = 11
WRT2, EBTR2 = 11




Results: All table reads from external blocks to Blockn are disabled whenever EBTRn = 0.
TABLAT register returns a value of ‘0’.











WRTB, EBTRB = 11
WRT0, EBTR0 = 10
WRT1, EBTR1 = 11
WRT2, EBTR2 = 11




Register Values Program Memory Configuration Bit Settings
Results: Table reads permitted within Blockn, even when EBTRBn = 0.
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25.5.2 DATA EEPROM 
CODE PROTECTION
The entire data EEPROM is protected from external
reads and writes by two bits: CPD and WRTD. CPD
inhibits external reads and writes of data EEPROM.
WRTD inhibits internal and external writes to data
EEPROM. The CPU can always read data EEPROM
under normal operation, regardless of the protection bit
settings.
25.5.3 CONFIGURATION REGISTER 
PROTECTION
The Configuration registers can be write-protected.
The WRTC bit controls protection of the Configuration
registers. In normal execution mode, the WRTC bit is
readable only. WRTC can only be written via ICSP or
an external programmer.
25.6 ID Locations
Eight memory locations (200000h-200007h) are
designated as ID locations, where the user can store
checksum or other code identification numbers. These
locations are both readable and writable during normal
execution through the TBLRD and TBLWT instructions
or during program/verify. The ID locations can be read
when the device is code-protected.
25.7  In-Circuit Serial Programming
The PIC18F8722 family of devices can be serially
programmed while in the end application circuit. This is
simply done with two lines for clock and data and three
other lines for power, ground and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom
firmware to be programmed.
25.8 In-Circuit Debugger
When the DEBUG Configuration bit is programmed to
a ‘0’, the In-Circuit Debugger functionality is enabled.
This function allows simple debugging functions when
used with MPLAB® IDE. When the microcontroller has
this feature enabled, some resources are not available
for general use. Table 25-4 shows which resources are
required by the background debugger.
TABLE 25-4: DEBUGGER RESOURCES  
To use the In-Circuit Debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to RG5/MCLR/VPP, VDD,
VSS, RB7 and RB6. This will interface to the In-Circuit
Debugger module available from Microchip or one of
the third party development tool companies.
25.9 Single-Supply ICSP Programming
The LVP Configuration bit enables Single-Supply ICSP
Programming (formerly known as Low-Voltage ICSP
Programming or LVP). When Single-Supply Program-
ming is enabled, the microcontroller can be programmed
without requiring high voltage being applied to the
RG5/MCLR/VPP pin, but the RB5/KBI1/PGM pin is then
dedicated to controlling Program mode entry and is not
available as a general purpose I/O pin.
While programming, using single-supply programming
mode, VDD is applied to the RG5/MCLR/VPP pin as in
normal execution mode. To enter Programming mode,
VDD is applied to the PGM pin. 
If Single-Supply ICSP Programming mode will not be
used, the LVP bit can be cleared. RB5/KBI1/PGM then
becomes available as the digital I/O pin, RB5. The LVP
bit may be set or cleared only when using standard
high-voltage programming (VIHH applied to the RG5/
MCLR/VPP pin). Once LVP has been disabled, only the
standard high-voltage programming is available and
must be used to program the device. 
Memory that is not code-protected can be erased using
a block erase, or erased row by row, then written at any
specified VDD. If code-protected memory is to be
erased, a block erase is required. If a block erase is to
be performed when using Low-Voltage Programming,
the device must be supplied with VDD of 4.5V to 5.5V. 
I/O pins: RB6, RB7
Stack: 2 levels
Program Memory: 512 bytes
Data Memory: 10 bytes
Note 1: High-voltage programming is always
available, regardless of the state of the
LVP bit or the PGM pin, by applying VIHH
to the MCLR pin.
2: By default, Single-Supply ICSP is
enabled in unprogrammed devices (as
supplied from Microchip) and erased
devices.
3: When Single-Supply Programming is
enabled, the RB5 pin can no longer be
used as a general purpose I/O pin.
4: When LVP is enabled, externally pull the
PGM pin to VSS to allow normal program
execution.
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26.0 INSTRUCTION SET SUMMARY
The PIC18F8722 family of devices incorporates the
standard set of 75 PIC18 core instructions, as well as
an extended set of 8 new instructions for the optimiza-
tion of code that is recursive or that utilizes a software
stack. The extended set is discussed later in this
section.
26.1 Standard Instruction Set
The standard PIC18 instruction set adds many
enhancements to the previous PIC® MCU instruction
sets, while maintaining an easy migration from these
PIC MCU instruction sets. Most instructions are a
single program memory word (16 bits), but there are
four instructions that require two program memory
locations. 
Each single-word instruction is a 16-bit word divided
into an opcode, which specifies the instruction type and
one or more operands, which further specify the
operation of the instruction. 
The instruction set is highly orthogonal and is grouped





The PIC18 instruction set summary in Table 26-2 lists
byte-oriented, bit-oriented, literal and control
operations. Table 26-1 shows the opcode field
descriptions.
Most byte-oriented instructions have three operands: 
1. The file register (specified by ‘f’) 
2. The destination of the result (specified by ‘d’) 
3. The accessed memory (specified by ‘a’) 
The file register designator ‘f’ specifies which file regis-
ter is to be used by the instruction. The destination
designator ‘d’ specifies where the result of the
operation is to be placed. If ‘d’ is zero, the result is
placed in the WREG register. If ‘d’ is one, the result is
placed in the file register specified in the instruction.
All bit-oriented instructions have three operands:
1. The file register (specified by ‘f’) 
2. The bit in the file register (specified by ‘b’) 
3. The accessed memory (specified by ‘a’) 
The bit field designator ‘b’ selects the number of the bit
affected by the operation, while the file register
designator ‘f’ represents the number of the file in which
the bit is located.
The literal instructions may use some of the following
operands:
• A literal value to be loaded into a file register 
(specified by ‘k’) 
• The desired FSR register to load the literal value 
into (specified by ‘f’)
• No operand required 
(specified by ‘—’)
The control instructions may use some of the following
operands:
• A program memory address (specified by ‘n’)
• The mode of the CALL or RETURN instructions 
(specified by ‘s’)
• The mode of the table read and table write 
instructions (specified by ‘m’)
• No operand required 
(specified by ‘—’)
All instructions are a single word, except for four
double-word instructions. These instructions were
made double-word to contain the required information
in 32 bits. In the second word, the 4 MSbs are 1’s. If this
second word is executed as an instruction (by itself), it
will execute as a NOP. 
All single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP.
The double word instructions execute in two instruction
cycles.
One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 4 MHz, the normal
instruction execution time is 1 μs. If a conditional test is
true, or the program counter is changed as a result of
an instruction, the instruction execution time is 2 μs.
Two-word branch instructions (if true) would take 3 μs.
Figure 26-1 shows the general formats that the instruc-
tions can have. All examples use the convention ‘nnh’
to represent a hexadecimal number. 
The Instruction Set Summary, shown in Table 26-2,
lists the standard instructions recognized by the
Microchip MPASMTM Assembler. 
Section 26.1.1 “Standard Instruction Set” provides
a description of each instruction.
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TABLE 26-1: OPCODE FIELD DESCRIPTIONS  
Field Description
a RAM access bit:
a = 0: RAM location in Access RAM (BSR register is ignored)
a = 1: RAM bank is specified by BSR register
bbb Bit address within an 8-bit file register (0 to 7).
BSR Bank Select Register. Used to select the current RAM bank.
C, DC, Z, OV, N ALU status bits: Carry, Digit Carry, Zero, Overflow, Negative.
d Destination select bit:
d = 0: store result in WREG
d = 1: store result in file register f
dest Destination: either the WREG register or the specified register file location.
f 8-bit Register file address (00h to FFh), or 2-bit FSR designator (0h to 3h).
fs 12-bit Register file address (000h to FFFh). This is the source address. 
fd 12-bit Register file address (000h to FFFh). This is the destination address. 
GIE Global Interrupt Enable bit.
k Literal field, constant data or label (may be either an 8-bit, 12-bit or a 20-bit value).
label Label name.
mm The mode of the TBLPTR register for the table read and table write instructions.
Only used with table read and table write instructions:
* No Change to register (such as TBLPTR with table reads and writes)
*+ Post-Increment register (such as TBLPTR with table reads and writes)
*- Post-Decrement register (such as TBLPTR with table reads and writes)
+* Pre-Increment register (such as TBLPTR with table reads and writes)
n The relative address (2’s complement number) for relative branch instructions or the direct address for 
Call/Branch and Return instructions.
PC Program Counter.
PCL Program Counter Low Byte.
PCH Program Counter High Byte.
PCLATH Program Counter High Byte Latch.
PCLATU Program Counter Upper Byte Latch.
PD Power-Down bit.
PRODH Product of Multiply High Byte.
PRODL Product of Multiply Low Byte.
s Fast Call/Return mode select bit:
s = 0: do not update into/from shadow registers
s = 1: certain registers loaded into/from shadow registers (Fast mode)
TBLPTR 21-bit Table Pointer (points to a Program Memory location).
TABLAT 8-bit Table Latch.
TO Time-out bit.
TOS Top-of-Stack.
u Unused or Unchanged.
WDT Watchdog Timer.
WREG Working register (accumulator).
x Don’t care (‘0’ or ‘1’). The assembler will generate code with x = 0. It is the recommended form of use for 
compatibility with all Microchip software tools.
zs 7-bit offset value for Indirect Addressing of register files (source).
zd 7-bit offset value for Indirect Addressing of register files (destination).
{  } Optional argument.
[text] Indicates an indexed address.
(text) The contents of text.
[expr]<n> Specifies bit n of the register indicated by the pointer expr.
→ Assigned to.
< > Register bit field.
∈ In the set of.
italics User-defined term (font is Courier).
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FIGURE 26-1: GENERAL FORMAT FOR INSTRUCTIONS    
Byte-oriented file register operations
15                  10      9     8   7                               0
d = 0 for result destination to be WREG register 
OPCODE     d      a              f (FILE #)
d = 1 for result destination to be file register (f)
a = 0 to force Access Bank 
Bit-oriented file register operations
15          12 11          9  8   7                                0
OPCODE   b (BIT #)   a        f (FILE #)
b = 3-bit position of bit in file register (f) 
Literal operations
15                              8    7                                 0
 OPCODE                       k (literal)
k = 8-bit immediate value
Byte to Byte move operations (2-word)
15           12  11                                                0
OPCODE                     f (Source FILE #)
CALL, GOTO and Branch operations 
15                                    8  7                            0
OPCODE                   n<7:0> (literal)     
n = 20-bit immediate value
a = 1 for BSR to select bank
f  = 8-bit file register address
a = 0 to force Access Bank
a = 1 for BSR to select bank
f  = 8-bit file register address
15                  12   11                                         0
1111                        n<19:8> (literal)
15           12  11                                                0
    1111                     f (Destination FILE #)
f = 12-bit file register address
Control operations
Example Instruction
ADDWF MYREG, W, B
MOVFF MYREG1, MYREG2
BSF MYREG, bit, B
MOVLW  7Fh
GOTO Label
15                                    8   7                             0
OPCODE                   n<7:0> (literal)     
15                  12   11                                           0
1111                      n<19:8> (literal)
CALL MYFUNC
15                       11  10                                       0
  OPCODE                   n<10:0> (literal)     
S = Fast bit
BRA MYFUNC
15                               8  7                                   0
OPCODE                      n<7:0> (literal)     BC MYFUNC
S
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Add WREG and f
Add WREG and Carry bit to f
AND WREG with f
Clear f
Complement f
Compare f with WREG, Skip =
Compare f with WREG, Skip >
Compare f with WREG, Skip <
Decrement f
Decrement f, Skip if 0
Decrement f, Skip if Not 0
Increment f
Increment f, Skip if 0
Increment f, Skip if Not 0
Inclusive OR WREG with f
Move f
Move fs (source) to 1st word
fd (destination) 2nd word
Move WREG to f
Multiply WREG with f
Negate f
Rotate Left f through Carry
Rotate Left f (No Carry)
Rotate Right f through Carry
Rotate Right f (No Carry)
Set f
Subtract f from WREG with 
    Borrow 
Subtract WREG from f
Subtract WREG from f with 
    Borrow
Swap Nibbles in f
Test f, Skip if 0






1 (2 or 3)
1 (2 or 3)
1 (2 or 3)
1
1 (2 or 3)
1 (2 or 3)
1
1 (2 or 3)


















































































































































C, DC, Z, OV, N







C, DC, Z, OV, N
None
None














C, DC, Z, OV, N
C, DC, Z, OV, N












1, 2, 3, 4
1, 2, 3, 4
1, 2











Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that 
value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is 
driven low by an external device, the data will be written back with a ‘0’.
2: If this instruction is executed on the TMR0 register (and where applicable, d = 1), the prescaler will be cleared if 
assigned.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second 
cycle is executed as a NOP.
4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP 
unless the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all 
program memory locations have a valid instruction.















Bit Test f, Skip if Clear




1 (2 or 3)
















































































Branch if Not Carry
Branch if Not Negative
Branch if Not Overflow












Pop Top of Return Stack (TOS)
Push Top of Return Stack (TOS)
Relative Call
Software Device Reset
Return from Interrupt Enable
Return with Literal in WREG 
Return from Subroutine





























































































































































Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that 
value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is 
driven low by an external device, the data will be written back with a ‘0’.
2: If this instruction is executed on the TMR0 register (and where applicable, d = 1), the prescaler will be cleared if 
assigned.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second 
cycle is executed as a NOP.
4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP 
unless the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all 
program memory locations have a valid instruction.
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Add Literal and WREG
AND Literal with WREG
Inclusive OR Literal with WREG
Move Literal (12-bit) 2nd word 
to FSR(f) 1st word
Move Literal to BSR<3:0>
Move Literal to WREG
Multiply Literal with WREG
Return with Literal in WREG 
Subtract WREG from Literal































































C, DC, Z, OV, N
Z, N










Table Read with Post-Increment
Table Read with Post-Decrement
Table Read with Pre-Increment
Table Write
Table Write with Post-Increment
Table Write with Post-Decrement























































Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that 
value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is 
driven low by an external device, the data will be written back with a ‘0’.
2: If this instruction is executed on the TMR0 register (and where applicable, d = 1), the prescaler will be cleared if 
assigned.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second 
cycle is executed as a NOP.
4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP 
unless the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that all 
program memory locations have a valid instruction.
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26.1.1 STANDARD INSTRUCTION SET
    
      
 
         
            
ADDLW ADD Literal to W
Syntax: ADDLW     k
Operands: 0 ≤ k ≤ 255
Operation: (W) + k → W
Status Affected: N, OV, C, DC, Z
Encoding: 0000 1111 kkkk kkkk
Description: The contents of W are added to the 














W  = 10h
After Instruction
W = 25h
ADDWF ADD W to f
Syntax: ADDWF      f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (W) + (f) → dest
Status Affected: N, OV, C, DC, Z
Encoding: 0010 01da ffff ffff
Description: Add W to register ‘f’. If ‘d’ is ‘0’, the 
result is stored in W. If ‘d’ is ‘1’, the 
result is stored back in register ‘f’ 
(default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 


















Note: All PIC18 instructions may take an optional label argument preceding the instruction mnemonic for use in
symbolic addressing. If a label is used, the instruction format then becomes: {label} instruction argument(s).
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ADDWFC ADD W and Carry bit to f
Syntax: ADDWFC      f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (W) + (f) + (C) → dest
Status Affected: N,OV, C, DC, Z
Encoding: 0010 00da ffff ffff
Description: Add W, the Carry flag and data memory 
location ‘f’. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed in data memory location ‘f’. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 











Example: ADDWFC REG, 0, 1
Before Instruction




Carry bit = 0
REG = 02h
W = 50h
ANDLW AND Literal with W
Syntax: ANDLW     k
Operands: 0 ≤ k ≤ 255
Operation: (W) .AND. k → W
Status Affected: N, Z
Encoding: 0000 1011 kkkk kkkk
Description: The contents of W are ANDed with the 




Q1 Q2 Q3 Q4










W  = 03h
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ANDWF AND W with f
Syntax: ANDWF      f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (W) .AND. (f) → dest
Status Affected: N, Z
Encoding: 0001 01da ffff ffff
Description: The contents of W are ANDed with 
register ‘f’. If ‘d’ is ‘0’, the result is stored 
in W. If ‘d’ is ‘1’, the result is stored back 
in register ‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 


















BC Branch if Carry
Syntax: BC    n
Operands: -128 ≤ n ≤ 127
Operation: if Carry bit is ‘1’
(PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1110 0010 nnnn nnnn
Description: If the Carry bit is ’1’, then the program 
will branch.
The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 






Q1 Q2 Q3 Q4















Q1 Q2 Q3 Q4






Example: HERE BC 5
Before Instruction
PC = address (HERE)
After Instruction
If Carry = 1;
PC = address (HERE + 12)
If Carry = 0;
PC = address (HERE + 2)
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BCF Bit Clear f
Syntax: BCF     f, b {,a}
Operands: 0 ≤ f ≤ 255
0 ≤ b ≤ 7
a ∈ [0,1]
Operation: 0 → f<b>
Status Affected: None
Encoding: 1001 bbba ffff ffff
Description: Bit ‘b’ in register ‘f’ is cleared.
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
















BN Branch if Negative
Syntax: BN    n
Operands: -128 ≤ n ≤ 127
Operation: if Negative bit is ‘1’
(PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1110 0110 nnnn nnnn
Description: If the Negative bit is ‘1’, then the 
program will branch.
The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 






Q1 Q2 Q3 Q4















Q1 Q2 Q3 Q4






Example: HERE BN Jump
Before Instruction
PC = address (HERE)
After Instruction
If Negative = 1;
PC = address (Jump)
If Negative = 0;
PC = address (HERE + 2)
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BNC Branch if Not Carry 
Syntax: BNC    n
Operands: -128 ≤ n ≤ 127
Operation: if Carry bit is ‘0’
(PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1110 0011 nnnn nnnn
Description: If the Carry bit is ‘0’, then the program 
will branch.
The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 






Q1 Q2 Q3 Q4















Q1 Q2 Q3 Q4






Example: HERE BNC Jump
Before Instruction
PC = address (HERE)
After Instruction
If Carry = 0;
PC = address (Jump)
If Carry = 1;
PC = address (HERE + 2)
BNN Branch if Not Negative 
Syntax: BNN    n
Operands: -128 ≤ n ≤ 127
Operation: if Negative bit is ‘0’
(PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1110 0111 nnnn nnnn
Description: If the Negative bit is ‘0’, then the 
program will branch.
The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 






Q1 Q2 Q3 Q4















Q1 Q2 Q3 Q4






Example: HERE BNN Jump
Before Instruction
PC = address (HERE)
After Instruction
If Negative = 0;
PC = address (Jump)
If Negative = 1;
PC = address (HERE + 2)
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BNOV Branch if Not Overflow 
Syntax: BNOV    n
Operands: -128 ≤ n ≤ 127
Operation: if Overflow bit is ‘0’
(PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1110 0101 nnnn nnnn
Description: If the Overflow bit is ‘0’, then the 
program will branch.
The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 






Q1 Q2 Q3 Q4















Q1 Q2 Q3 Q4






Example: HERE BNOV Jump
Before Instruction
PC = address (HERE)
After Instruction
If Overflow = 0;
PC = address (Jump)
If Overflow = 1;
PC = address (HERE + 2)
BNZ Branch if Not Zero
Syntax: BNZ    n
Operands: -128 ≤ n ≤ 127
Operation: if Zero bit is ‘0’
(PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1110 0001 nnnn nnnn
Description: If the Zero bit is ‘0’, then the program 
will branch.
The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 






Q1 Q2 Q3 Q4















Q1 Q2 Q3 Q4






Example: HERE BNZ Jump
Before Instruction
PC = address (HERE)
After Instruction
If Zero = 0;
PC = address (Jump)
If Zero = 1;
PC = address (HERE + 2)
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BRA Unconditional Branch
Syntax: BRA    n
Operands: -1024 ≤ n ≤ 1023
Operation: (PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1101 0nnn nnnn nnnn
Description: Add the 2’s complement number ‘2n’ to 
the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 





Q1 Q2 Q3 Q4














Example: HERE BRA Jump
Before Instruction
PC = address (HERE)
After Instruction
PC = address (Jump)
BSF Bit Set f
Syntax: BSF    f, b {,a}
Operands: 0 ≤ f ≤ 255
0 ≤ b ≤ 7
a ∈ [0,1]
Operation: 1 → f<b>
Status Affected: None
Encoding: 1000 bbba ffff ffff
Description: Bit ‘b’ in register ‘f’ is set. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
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BTFSC Bit Test File, Skip if Clear
Syntax: BTFSC   f, b {,a}
Operands: 0 ≤ f ≤ 255
0 ≤ b ≤ 7
a ∈ [0,1]
Operation: skip if (f<b>) = 0
Status Affected: None
Encoding: 1011 bbba ffff ffff
Description: If bit ‘b’ in register ‘f’ is ‘0’, then the next 
instruction is skipped. If bit ‘b’ is ‘0’, then 
the next instruction fetched during the 
current instruction execution is discarded 
and a NOP is executed instead, making 
this a two-cycle instruction. 
If ‘a’ is ‘0’, the Access Bank is selected. If 
‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction set 
is enabled, this instruction operates in 
Indexed Literal Offset Addressing mode 
whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:

























PC = address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (TRUE)
If FLAG<1> = 1;
PC = address (FALSE)
BTFSS Bit Test File, Skip if Set
Syntax: BTFSS  f, b {,a}
Operands: 0 ≤ f ≤ 255
0 ≤ b < 7
a ∈ [0,1]
Operation: skip if (f<b>) = 1
Status Affected: None
Encoding: 1010 bbba ffff ffff
Description: If bit ‘b’ in register ‘f’ is ‘1’, then the next 
instruction is skipped. If bit ‘b’ is ‘1’, then 
the next instruction fetched during the 
current instruction execution is discarded 
and a NOP is executed instead, making 
this a two-cycle instruction. 
If ‘a’ is ‘0’, the Access Bank is selected. If 
‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates in 
Indexed Literal Offset Addressing mode 
whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:

























PC = address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (FALSE)
If FLAG<1> = 1;
PC = address (TRUE)
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BTG Bit Toggle f
Syntax: BTG  f, b {,a}
Operands: 0 ≤ f ≤ 255
0 ≤ b < 7
a ∈ [0,1]
Operation: (f<b>) → f<b>
Status Affected: None
Encoding: 0111 bbba ffff ffff
Description: Bit ‘b’ in data memory location ‘f’ is 
inverted.
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 











Example: BTG PORTC, 4, 0
Before Instruction:
PORTC = 0111 0101 [75h]
After Instruction:
PORTC = 0110 0101 [65h]
BOV Branch if Overflow
Syntax: BOV    n
Operands: -128 ≤ n ≤ 127
Operation: if Overflow bit is ‘1’
(PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1110 0100 nnnn nnnn
Description: If the Overflow bit is ‘1’, then the 
program will branch.
The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 






Q1 Q2 Q3 Q4














Q1 Q2 Q3 Q4






Example: HERE BOV Jump
Before Instruction
PC = address (HERE)
After Instruction
If Overflow = 1;
PC = address (Jump)
If Overflow = 0;
PC = address (HERE + 2)
PIC18F8722 FAMILY
DS39646C-page 336 © 2008 Microchip Technology Inc.
                  
BZ Branch if Zero
Syntax: BZ    n
Operands: -128 ≤ n ≤ 127
Operation: if Zero bit is ‘1’
(PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1110 0000 nnnn nnnn
Description: If the Zero bit is ‘1’, then the program 
will branch.
The 2’s complement number ‘2n’ is 
added to the PC. Since the PC will have 
incremented to fetch the next 
instruction, the new address will be 






Q1 Q2 Q3 Q4















Q1 Q2 Q3 Q4






Example: HERE BZ Jump
Before Instruction
PC = address (HERE)
After Instruction
If Zero = 1;
PC = address (Jump)
If Zero = 0;
PC = address (HERE + 2)
CALL Subroutine Call
Syntax: CALL   k {,s}
Operands: 0 ≤ k ≤ 1048575
s ∈ [0,1]
Operation: (PC) + 4 → TOS,
k → PC<20:1>,
















Description: Subroutine call of entire 2-Mbyte 
memory range. First, return address 
(PC + 4) is pushed onto the return 
stack. If ‘s’ = 1, the W, STATUS and 
BSR registers are also pushed into their 
respective shadow registers, WS, 
STATUSS and BSRS. If ‘s’ = 0, no 
update occurs (default). Then, the 
20-bit value ‘k’ is loaded into PC<20:1>. 




Q1 Q2 Q3 Q4
Decode Read literal 
‘k’<7:0>, 













Example: HERE CALL  THERE,1
Before Instruction
PC = address (HERE)
After Instruction
PC = address (THERE)
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CLRF Clear f
Syntax: CLRF    f {,a}
Operands: 0 ≤ f ≤ 255
a ∈ [0,1]
Operation: 000h → f
1 → Z
Status Affected: Z
Encoding: 0110 101a ffff ffff
Description: Clears the contents of the specified 
register. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
















CLRWDT Clear Watchdog Timer
Syntax: CLRWDT
Operands: None
Operation: 000h → WDT,
000h → WDT postscaler,
1 → TO,
1 → PD
Status Affected: TO, PD
Encoding: 0000 0000 0000 0100
Description: CLRWDT instruction resets the 
Watchdog Timer. It also resets the post-














WDT Counter = ?
After Instruction
WDT Counter = 00h
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COMF Complement f
Syntax: COMF     f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation:  → dest
Status Affected: N, Z
Encoding: 0001 11da ffff ffff
Description: The contents of register ‘f’ are 
complemented. If ‘d’ is ‘0’, the result is 
stored in W. If ‘d’ is ‘1’, the result is 
stored back in register ‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 


















CPFSEQ Compare f with W, Skip if f = W
Syntax: CPFSEQ    f {,a}
Operands: 0 ≤ f ≤ 255
a ∈ [0,1]
Operation: (f) – (W), 
skip if (f) = (W) 
(unsigned comparison)
Status Affected: None
Encoding: 0110 001a ffff ffff
Description: Compares the contents of data memory 
location ‘f’ to the contents of W by 
performing an unsigned subtraction.
If ‘f’ = W, then the fetched instruction is 
discarded and a NOP is executed 
instead, making this a two-cycle 
instruction. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:

















Example: HERE     CPFSEQ REG, 0
NEQUAL   :
EQUAL    :
Before Instruction




If REG = W;
PC = Address (EQUAL)
If REG ≠ W;
PC = Address (NEQUAL)
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CPFSGT Compare f with W, Skip if f > W
Syntax: CPFSGT    f {,a}
Operands: 0 ≤ f ≤ 255
a ∈ [0,1]
Operation: (f) – (W),
skip if (f) > (W) 
(unsigned comparison)
Status Affected: None
Encoding: 0110 010a ffff ffff
Description: Compares the contents of data memory 
location ‘f’ to the contents of the W by 
performing an unsigned subtraction.
If the contents of ‘f’ are greater than the 
contents of WREG, then the fetched 
instruction is discarded and a NOP is 
executed instead, making this a 
two-cycle instruction. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:

















Example: HERE      CPFSGT REG, 0
NGREATER  :
GREATER   :
Before Instruction
PC = Address (HERE)
W = ?
After Instruction
If REG > W;
PC = Address (GREATER)
If REG ≤ W;
PC = Address (NGREATER)
CPFSLT Compare f with W, Skip if f < W
Syntax: CPFSLT    f {,a}
Operands: 0 ≤ f ≤ 255
a ∈ [0,1]
Operation: (f) – (W),
skip if (f) < (W) 
(unsigned comparison)
Status Affected: None
Encoding: 0110 000a ffff ffff
Description: Compares the contents of data memory 
location ‘f’ to the contents of W by 
performing an unsigned subtraction.
If the contents of ‘f’ are less than the 
contents of W, then the fetched 
instruction is discarded and a NOP is 
executed instead, making this a 
two-cycle instruction. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:

















Example: HERE    CPFSLT REG, 1
NLESS   :
LESS    :
Before Instruction
PC = Address (HERE)
W = ?
After Instruction
If REG < W;
PC = Address (LESS)
If REG ≥ W;
PC = Address (NLESS)
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DAW Decimal Adjust W Register
Syntax: DAW
Operands: None
Operation: If [W<3:0> > 9] or [DC = 1] then
(W<3:0>) + 6 → W<3:0>;
else 
(W<3:0>) → W<3:0>
If [W<7:4> > 9] or [C = 1] then





Encoding: 0000 0000 0000 0111
Description: DAW adjusts the eight-bit value in W, 
resulting from the earlier addition of two 
variables (each in packed BCD format) 































Syntax: DECF   f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f) – 1 → dest
Status Affected: C, DC, N, OV, Z
Encoding: 0000 01da ffff ffff
Description: Decrement register ‘f’. If ‘d’ is ‘0’, the 
result is stored in W. If ‘d’ is ‘1’, the 
result is stored back in register ‘f’ 
(default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
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DECFSZ Decrement f, Skip if 0
Syntax: DECFSZ   f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f) – 1 → dest,
skip if result = 0
Status Affected: None
Encoding: 0010 11da ffff ffff
Description: The contents of register ‘f’ are 
decremented. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’ (default).
If the result is ‘0’, the next instruction 
which is already fetched is discarded 
and a NOP is executed instead, making 
it a two-cycle instruction.
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:

















Example: HERE      DECFSZ   CNT, 1, 1
          GOTO     LOOP
CONTINUE  
Before Instruction
PC = Address (HERE)
After Instruction
CNT = CNT – 1
If CNT = 0;
PC = Address (CONTINUE)
If CNT ≠ 0;
PC = Address (HERE + 2)
DCFSNZ Decrement f, Skip if not 0
Syntax: DCFSNZ    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f) – 1 → dest,
skip if result ≠ 0
Status Affected: None
Encoding: 0100 11da ffff ffff
Description: The contents of register ‘f’ are 
decremented. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’ (default).
If the result is not ‘0’, the next 
instruction which is already fetched is 
discarded and a NOP is executed 
instead, making it a two-cycle 
instruction. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:

















Example: HERE    DCFSNZ  TEMP, 1, 0
ZERO    : 




TEMP = TEMP – 1,
If TEMP = 0;
PC = Address (ZERO)
If TEMP ≠ 0;
PC = Address (NZERO)
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GOTO Unconditional Branch
Syntax: GOTO   k
Operands: 0 ≤ k ≤ 1048575













Description: GOTO allows an unconditional branch 
anywhere within entire 2-Mbyte memory 
range. The 20-bit value ‘k’ is loaded into 





Q1 Q2 Q3 Q4

















PC = Address (THERE)
INCF Increment f
Syntax: INCF    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f) + 1 → dest
Status Affected:  C, DC, N, OV, Z
Encoding: 0010 10da ffff ffff
Description: The contents of register ‘f’ are 
incremented. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 






















© 2008 Microchip Technology Inc. DS39646C-page 343
PIC18F8722 FAMILY
          
        
               
       
INCFSZ Increment f, Skip if 0
Syntax: INCFSZ    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f) + 1 → dest,
skip if result = 0
Status Affected: None
Encoding: 0011 11da ffff ffff
Description: The contents of register ‘f’ are 
incremented. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’. (default)
If the result is ‘0’, the next instruction 
which is already fetched is discarded 
and a NOP is executed instead, making 
it a two-cycle instruction. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:

















Example: HERE    INCFSZ   CNT, 1, 0
NZERO   : 
ZERO    : 
Before Instruction
PC = Address (HERE)
After Instruction
CNT = CNT + 1
If CNT = 0;
PC = Address (ZERO)
If CNT ≠ 0;
PC = Address (NZERO)
INFSNZ Increment f, Skip if not 0
Syntax: INFSNZ    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f) + 1 → dest, 
skip if result ≠ 0
Status Affected: None
Encoding: 0100 10da ffff ffff
Description: The contents of register ‘f’ are 
incremented. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’ (default).
If the result is not ‘0’, the next 
instruction which is already fetched is 
discarded and a NOP is executed 
instead, making it a two-cycle 
instruction. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:





















PC = Address (HERE)
After Instruction
REG = REG + 1
If REG ≠ 0;
PC = Address (NZERO)
If REG = 0;
PC = Address (ZERO)
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IORLW Inclusive OR Literal with W
Syntax: IORLW   k
Operands: 0 ≤ k ≤ 255
Operation: (W) .OR. k → W
Status Affected: N, Z
Encoding: 0000 1001 kkkk kkkk
Description: The contents of W are ORed with the 

















IORWF Inclusive OR W with f
Syntax: IORWF     f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (W) .OR. (f) → dest
Status Affected: N, Z
Encoding: 0001 00da ffff ffff
Description: Inclusive OR W with register ‘f’. If ‘d’ is 
‘0’, the result is placed in W. If ‘d’ is ‘1’, 
the result is placed back in register ‘f’ 
(default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
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LFSR Load FSR
Syntax: LFSR   f, k
Operands: 0 ≤ f ≤ 2
0 ≤ k ≤ 4095










Description: The 12-bit literal ‘k’ is loaded into the 




Q1 Q2 Q3 Q4



















Syntax: MOVF    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: f → dest
Status Affected: N, Z
Encoding: 0101 00da ffff ffff
Description: The contents of register ‘f’ are moved to 
a destination dependent upon the 
status of ‘d’. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’ (default). 
Location ‘f’ can be anywhere in the 
256-byte bank.
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
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MOVFF Move f to f
Syntax: MOVFF   fs,fd
Operands: 0 ≤ fs ≤ 4095
0 ≤ fd ≤ 4095













Description: The contents of source register ‘fs’ are 
moved to destination register ‘fd’. 
Location of source ‘fs’ can be anywhere 
in the 4096-byte data space (000h to 
FFFh) and location of destination ‘fd’ 
can also be anywhere from 000h to 
FFFh.
Either source or destination can be W 
(a useful special situation).
MOVFF is particularly useful for 
transferring a data memory location to a 
peripheral register (such as the transmit 
buffer or an I/O port).
The MOVFF instruction cannot use the 





























MOVLB Move Literal to Low Nibble in BSR 
Syntax: MOVLW   k
Operands: 0 ≤ k ≤ 255
Operation: k → BSR
Status Affected: None
Encoding: 0000 0001 kkkk kkkk
Description: The eight-bit literal ‘k’ is loaded into the 
Bank Select Register (BSR). The value 
of BSR<7:4> always remains ‘0’ 













BSR Register = 02h
After Instruction
BSR Register = 05h
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MOVLW Move Literal to W
Syntax: MOVLW   k
Operands: 0 ≤ k ≤ 255
Operation: k → W
Status Affected: None
Encoding: 0000 1110 kkkk kkkk














MOVWF Move W to f
Syntax: MOVWF     f {,a}
Operands: 0 ≤ f ≤ 255
a ∈ [0,1]
Operation: (W) → f
Status Affected: None
Encoding: 0110 111a ffff ffff
Description: Move data from W to register ‘f’. 
Location ‘f’ can be anywhere in the 
256-byte bank. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
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MULLW Multiply Literal with W
Syntax: MULLW     k
Operands: 0 ≤ k ≤ 255
Operation: (W) x k → PRODH:PRODL
Status Affected: None
Encoding: 0000 1101 kkkk kkkk
Description: An unsigned multiplication is carried 
out between the contents of W and the 
8-bit literal ‘k’. The 16-bit result is 
placed in PRODH:PRODL register pair. 
PRODH contains the high byte.
W is unchanged.
None of the status flags are affected.
Note that neither Overflow nor Carry is 
possible in this operation. A Zero result 






















MULWF Multiply W with f
Syntax: MULWF     f {,a}
Operands: 0 ≤ f ≤ 255
a ∈ [0,1]
Operation: (W) x (f) → PRODH:PRODL
Status Affected: None
Encoding: 0000 001a ffff ffff
Description: An unsigned multiplication is carried out 
between the contents of W and the 
register file location ‘f’. The 16-bit result is 
stored in the PRODH:PRODL register 
pair. PRODH contains the high byte. Both 
W and ‘f’ are unchanged.
None of the status flags are affected.
Note that neither Overflow nor Carry is 
possible in this operation. A Zero result is 
possible but not detected.
If ‘a’ is ‘0’, the Access Bank is selected. If 
‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction set 
is enabled, this instruction operates in 
Indexed Literal Offset Addressing mode 
whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
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NEGF Negate f
Syntax: NEGF     f {,a}
Operands: 0 ≤ f ≤ 255
a ∈ [0,1]
Operation: ( f ) + 1 → f
Status Affected: N, OV, C, DC, Z
Encoding: 0110 110a ffff ffff
Description: Location ‘f’ is negated using two’s 
complement. The result is placed in the 
data memory location ‘f’. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 











Example: NEGF REG, 1
Before Instruction
REG = 0011 1010 [3Ah]
After Instruction


























    None.
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POP Pop Top of Return Stack
Syntax: POP
Operands: None
Operation: (TOS) → bit bucket
Status Affected: None
Encoding: 0000 0000 0000 0110
Description: The TOS value is pulled off the return 
stack and is discarded. The TOS value 
then becomes the previous value that 
was pushed onto the return stack.
This instruction is provided to enable 
the user to properly manage the return 



















PUSH Push Top of Return Stack
Syntax: PUSH
Operands: None
Operation: (PC + 2) → TOS
Status Affected: None
Encoding: 0000 0000 0000 0101
Description: The PC + 2 is pushed onto the top of 
the return stack. The previous TOS 
value is pushed down on the stack.
This instruction allows implementing a 
software stack by modifying TOS and 




Q1 Q2 Q3 Q4
Decode PUSH 













Stack (1 level down) = 345Ah
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RCALL Relative Call
Syntax: RCALL    n
Operands: -1024 ≤ n ≤ 1023
Operation: (PC) + 2 → TOS,
(PC) + 2 + 2n → PC
Status Affected: None
Encoding: 1101 1nnn nnnn nnnn
Description: Subroutine call with a jump up to 1K 
from the current location. First, return 
address (PC + 2) is pushed onto the 
stack. Then, add the 2’s complement 
number ‘2n’ to the PC. Since the PC will 
have incremented to fetch the next 
instruction, the new address will be 





Q1 Q2 Q3 Q4















Example: HERE RCALL Jump
Before Instruction
PC = Address (HERE)
After Instruction
PC = Address (Jump)




Operation: Reset all registers and flags that are 
affected by a MCLR Reset.
Status Affected: All
Encoding: 0000 0000 1111 1111
Description: This instruction provides a way to 













Registers = Reset Value
Flags* = Reset Value
PIC18F8722 FAMILY
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RETFIE Return from Interrupt
Syntax: RETFIE   {s}
Operands: s ∈ [0,1]
Operation: (TOS) → PC,
1 → GIE/GIEH or PEIE/GIEL,




PCLATU, PCLATH are unchanged
Status Affected: GIE/GIEH, PEIE/GIEL.
Encoding: 0000 0000 0001 000s
Description: Return from interrupt. Stack is popped 
and Top-of-Stack (TOS) is loaded into 
the PC. Interrupts are enabled by 
setting either the high or low-priority 
global interrupt enable bit. If ‘s’ = 1, the 
contents of the shadow registers WS, 
STATUSS and BSRS are loaded into 
their corresponding registers W, 
STATUS and BSR. If ‘s’ = 0, no update 



























GIE/GIEH, PEIE/GIEL = 1
RETLW Return Literal to W
Syntax: RETLW   k
Operands: 0 ≤ k ≤ 255
Operation: k → W,
(TOS) → PC,
PCLATU, PCLATH are unchanged
Status Affected: None
Encoding: 0000 1100 kkkk kkkk
Description: W is loaded with the eight-bit literal ‘k’. 
The program counter is loaded from the 
top of the stack (the return address). 






















 CALL TABLE ; W contains table
 ; offset value
 ; W now has 
 ; table value
   :
TABLE
ADDWF PCL ; W = offset
RETLW k0 ; Begin table
RETLW k1 ;
   :
   :




W = value of kn
© 2008 Microchip Technology Inc. DS39646C-page 353
PIC18F8722 FAMILY
         
        
           
        
RETURN Return from Subroutine
Syntax: RETURN   {s}
Operands: s ∈ [0,1]
Operation: (TOS) → PC,




PCLATU, PCLATH are unchanged
Status Affected: None
Encoding: 0000 0000 0001 001s
Description: Return from subroutine. The stack is 
popped and the top of the stack (TOS) 
is loaded into the program counter. If 
‘s’= 1, the contents of the shadow 
registers WS, STATUSS and BSRS are 
loaded into their corresponding 
registers W, STATUS and BSR. If 























RLCF Rotate Left f through Carry
Syntax:  RLCF     f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f<n>) → dest<n + 1>,
(f<7>) → C,
(C) → dest<0>
Status Affected: C, N, Z
Encoding: 0011 01da ffff ffff
Description: The contents of register ‘f’ are rotated 
one bit to the left through the Carry flag. 
If ‘d’ is ‘0’, the result is placed in W. If ‘d’ 
is ‘1’, the result is stored back in register 
‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 











Example: RLCF REG, 0, 0
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
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RLNCF Rotate Left f (no carry)
Syntax:  RLNCF     f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f<n>) → dest<n + 1>,
(f<7>) → dest<0>
Status Affected: N, Z
Encoding: 0100 01da ffff ffff
Description: The contents of register ‘f’ are rotated 
one bit to the left. If ‘d’ is ‘0’, the result 
is placed in W. If ‘d’ is ‘1’, the result is 
stored back in register ‘f’ (default).
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 











Example: RLNCF REG, 1, 0
Before Instruction
REG = 1010 1011
After Instruction
REG = 0101 0111
register f
RRCF Rotate Right f through Carry
Syntax: RRCF    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f<n>) → dest<n – 1>,
(f<0>) → C,
(C) → dest<7>
Status Affected: C, N, Z
Encoding: 0011 00da ffff ffff
Description: The contents of register ‘f’ are rotated 
one bit to the right through the Carry 
flag. If ‘d’ is ‘0’, the result is placed in W. 
If ‘d’ is ‘1’, the result is placed back in 
register ‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 











Example: RRCF REG, 0, 0
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
W = 0111 0011
C = 0
C register f
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RRNCF Rotate Right f (no carry)
Syntax: RRNCF    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f<n>) → dest<n – 1>,
(f<0>) → dest<7>
Status Affected: N, Z
Encoding: 0100 00da ffff ffff
Description: The contents of register ‘f’ are rotated 
one bit to the right. If ‘d’ is ‘0’, the result 
is placed in W. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’ (default).
If ‘a’ is ‘0’, the Access Bank will be 
selected, overriding the BSR value. If ‘a’ 
is ‘1’, then the bank will be selected as 
per the BSR value (default).
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 











Example 1: RRNCF   REG, 1, 0
Before Instruction
REG = 1101 0111
After Instruction
REG = 1110 1011
Example 2: RRNCF   REG, 0, 0
Before Instruction
W = ?
REG = 1101 0111
After Instruction
W = 1110 1011
REG = 1101 0111
register f
SETF Set f
Syntax: SETF    f {,a}
Operands: 0 ≤ f ≤ 255
a ∈ [0,1]
Operation: FFh → f
Status Affected: None
Encoding: 0110 100a ffff ffff
Description: The contents of the specified register 
are set to FFh. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
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SLEEP Enter Sleep Mode
Syntax: SLEEP
Operands: None
Operation: 00h → WDT,
0 → WDT postscaler,
1 → TO,
0 → PD
Status Affected: TO, PD
Encoding: 0000 0000 0000 0011
Description: The Power-Down status bit (PD) is 
cleared. The Time-out status bit (TO) 
is set. The Watchdog Timer and its 
postscaler are cleared.
The processor is put into Sleep mode 
















TO = 1 †
PD = 0 
†   If WDT causes wake-up, this bit is cleared.
SUBFWB Subtract f from W with Borrow
Syntax: SUBFWB    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (W) – (f) – (C) → dest
Status Affected: N, OV, C, DC, Z
Encoding: 0101 01da ffff ffff
Description: Subtract register ‘f’ and Carry flag 
(borrow) from W (2’s complement 
method). If ‘d’ is ‘0’, the result is stored in 
W. If ‘d’ is ‘1’, the result is stored in 
register ‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank is selected. If 
‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates in 
Indexed Literal Offset Addressing mode 
whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 





















N = 1     ; result is negative










N = 0     ; result is positive









Z = 1     ; result is zero
N = 0
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SUBLW Subtract W from literal
Syntax: SUBLW   k
Operands: 0 ≤ k ≤ 255
Operation: k – (W) → W
Status Affected: N, OV, C, DC, Z
Encoding: 0000 1000 kkkk kkkk
Description: W is subtracted from the eight-bit 

















C = 1        ; result is positive
Z = 0
N = 0






C = 1        ; result is zero
Z = 1
N = 0





W = FFh    ; (2’s complement)
C = 0        ; result is negative
Z = 0
N = 1
SUBWF Subtract W from f
Syntax: SUBWF    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f) – (W) → dest
Status Affected: N, OV, C, DC, Z
Encoding: 0101 11da ffff ffff
Description: Subtract W from register ‘f’ (2’s 
complement method). If ‘d’ is ‘0’, the 
result is stored in W. If ‘d’ is ‘1’, the result 
is stored back in register ‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 



















C = 1       ; result is positive
Z = 0
N = 0








C = 1       ; result is zero
Z = 1
N = 0






REG = FFh   ;(2’s complement)
W = 2




DS39646C-page 358 © 2008 Microchip Technology Inc.
        
  
         
       
SUBWFB Subtract W from f with Borrow
Syntax: SUBWFB    f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f) – (W) – (C) → dest
Status Affected: N, OV, C, DC, Z
Encoding: 0101 10da ffff ffff
Description: Subtract W and the Carry flag (borrow) 
from register ‘f’ (2’s complement 
method). If ‘d’ is ‘0’, the result is stored 
in W. If ‘d’ is ‘1’, the result is stored back 
in register ‘f’ (default).
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 











Example 1: SUBWFB  REG, 1, 0
Before Instruction
REG = 19h (0001 1001)
W = 0Dh (0000 1101)
C = 1
After Instruction
REG = 0Ch (0000 1011)
W = 0Dh (0000 1101)
C = 1
Z = 0
N = 0  ; result is positive
Example 2: SUBWFB REG, 0, 0
Before Instruction
REG = 1Bh (0001 1011)
W = 1Ah (0001 1010)
C = 0
After Instruction
REG = 1Bh (0001 1011)
W = 00h
C = 1
Z = 1     ; result is zero
N = 0
Example 3: SUBWFB  REG, 1, 0
Before Instruction
REG = 03h (0000 0011)
W = 0Eh (0000 1101)
C = 1
After Instruction
REG = F5h (1111 0100) 
; [2’s comp]
W = 0Eh (0000 1101)
C = 0
Z = 0
N = 1     ; result is negative
SWAPF Swap f
Syntax: SWAPF   f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (f<3:0>) → dest<7:4>,
(f<7:4>) → dest<3:0>
Status Affected: None
Encoding: 0011 10da ffff ffff
Description: The upper and lower nibbles of register 
‘f’ are exchanged. If ‘d’ is ‘0’, the result 
is placed in W. If ‘d’ is ‘1’, the result is 
placed in register ‘f’ (default).
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
















© 2008 Microchip Technology Inc. DS39646C-page 359
PIC18F8722 FAMILY
                   
TBLRD Table Read
Syntax: TBLRD ( *; *+; *-; +*)
Operands: None
Operation: if TBLRD *,
(Prog Mem (TBLPTR)) → TABLAT;
TBLPTR – No Change
if TBLRD *+,
(Prog Mem (TBLPTR)) → TABLAT;
(TBLPTR) + 1 → TBLPTR
if TBLRD *-,
(Prog Mem (TBLPTR)) → TABLAT;
(TBLPTR) – 1 → TBLPTR
if TBLRD +*,
(TBLPTR) + 1 → TBLPTR;
(Prog Mem (TBLPTR)) → TABLAT
Status Affected: None
Encoding: 0000 0000 0000 10nn
 nn=0 * 
   =1 *+
   =2 *-
   =3 +*
Description: This instruction is used to read the contents 
of Program Memory (P.M.). To address the 
program memory, a pointer called Table 
Pointer (TBLPTR) is used.
The TBLPTR (a 21-bit pointer) points to 
each byte in the program memory. TBLPTR 
has a 2-Mbyte address range. 
TBLPTR<0> = 0:Least Significant Byte of 
Program Memory Word
TBLPTR<0> = 1:Most Significant Byte of 
Program Memory Word
The TBLRD instruction can modify the value 

























TBLRD Table Read (Continued)
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TBLWT Table Write
Syntax: TBLWT ( *; *+; *-; +*)
Operands: None
Operation: if TBLWT*,
(TABLAT) → Holding Register;
TBLPTR – No Change
if TBLWT*+,
(TABLAT) → Holding Register;
(TBLPTR) + 1 → TBLPTR
if TBLWT*-,
(TABLAT) → Holding Register;
(TBLPTR) – 1 → TBLPTR
if TBLWT+*,
(TBLPTR) + 1 → TBLPTR;
(TABLAT) → Holding Register
Status Affected: None
Encoding: 0000 0000 0000 11nn
nn=0 * 
  =1 *+
  =2 *-
  =3 +*
Description: This instruction uses the 3 LSBs of 
TBLPTR to determine which of the 
8 holding registers the TABLAT is written 
to. The holding registers are used to 
program the contents of Program Memory 
(P.M.). (Refer to Section 5.0 “Memory 
Organization” for additional details on 
programming Flash memory.)
The TBLPTR (a 21-bit pointer) points to 
each byte in the program memory. 
TBLPTR has a 2-Mbyte address range. 
The LSb of the TBLPTR selects which 
byte of the program memory location to 
access. 
TBLPTR<0> = 0:Least Significant Byte of 
Program Memory Word
TBLPTR<0> = 1:Most Significant Byte of 
Program Memory Word
The TBLWT instruction can modify the 




























TBLWT Table Write  (Continued)
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TSTFSZ Test f, Skip if 0
Syntax: TSTFSZ  f {,a}
Operands: 0 ≤ f ≤ 255
a ∈ [0,1]
Operation: skip if f = 0
Status Affected: None
Encoding: 0110 011a ffff ffff
Description: If ‘f’ = 0, the next instruction fetched 
during the current instruction execution 
is discarded and a NOP is executed, 
making this a two-cycle instruction. 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.
Words: 1
Cycles: 1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.
Q Cycle Activity:

















If skip and followed by 2-word instruction:

















Example: HERE    TSTFSZ  CNT, 1
NZERO   :
ZERO    :
Before Instruction
PC = Address (HERE)
After Instruction
If CNT = 00h,
PC = Address (ZERO)
If CNT ≠ 00h,
PC = Address  (NZERO)
XORLW Exclusive OR Literal with W
Syntax: XORLW   k
Operands: 0 ≤ k ≤ 255
Operation: (W) .XOR. k → W
Status Affected: N, Z
Encoding: 0000 1010 kkkk kkkk
Description: The contents of W are XORed with 
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XORWF Exclusive OR W with f
Syntax: XORWF     f {,d {,a}}
Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]
Operation: (W) .XOR. (f) → dest
Status Affected: N, Z
Encoding: 0001 10da ffff ffff
Description: Exclusive OR the contents of W with 
register ‘f’. If ‘d’ is ‘0’, the result is stored 
in W. If ‘d’ is ‘1’, the result is stored back 
in the register ‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 26.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
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26.2 Extended Instruction Set
In addition to the standard 75 instructions of the PIC18
instruction set, the PIC18F8722 family of devices also
provide an optional extension to the core CPU function-
ality. The added features include eight additional
instructions that augment Indirect and Indexed
Addressing operations and the implementation of
Indexed Literal Offset Addressing for many of the
standard PIC18 instructions.
The additional features of the extended instruction set
are enabled by default. To enable them, users must set
the XINST Configuration bit.
The instructions in the extended set can all be
classified as literal operations, which either manipulate
the File Select Registers, or use them for Indexed
Addressing. Two of the instructions, ADDFSR and
SUBFSR, each have an additional special instantiation
for using FSR2. These versions (ADDULNK and
SUBULNK) allow for automatic return after execution.
The extended instructions are specifically implemented
to optimize re-entrant program code (that is, code that
is recursive or that uses a software stack) written in
high-level languages, particularly C. Among other
things, they allow users working in high-level
languages to perform certain operations on data
structures more efficiently. These include: 
• dynamic allocation and deallocation of software 
stack space when entering and leaving 
subroutines
• function pointer invocation
• software Stack Pointer manipulation
• manipulation of variables located in a software 
stack
A summary of the instructions in the extended instruc-
tion set is provided in Table 26-3. Detailed descriptions
are provided in Section 26.2.2 “Extended Instruction
Set”. The opcode field descriptions in Table 26-1
(page 322) apply to both the standard and extended
PIC18 instruction sets.
26.2.1 EXTENDED INSTRUCTION SYNTAX
Most of the extended instructions use indexed argu-
ments, using one of the File Select Registers and some
offset to specify a source or destination register. When
an argument for an instruction serves as part of
Indexed Addressing, it is enclosed in square brackets
(“[ ]”). This is done to indicate that the argument is used
as an index or offset. The MPASM™ Assembler will
flag an error if it determines that an index or offset value
is not bracketed.
When the extended instruction set is enabled, brackets
are also used to indicate index arguments in
byte-oriented and bit-oriented instructions. This is in
addition to other changes in their syntax. For more
details, see Section 26.2.3.1 “Extended Instruction
Syntax with Standard PIC18 Commands”.
TABLE 26-3: EXTENSIONS TO THE PIC18 INSTRUCTION SET
Note: The instruction set extension and the
Indexed Literal Offset Addressing mode
were designed for optimizing applications
written in C; the user may likely never use
these instructions directly in assembler.
The syntax for these commands is
provided as a reference for users who may
be reviewing code that has been
generated by a compiler.
Note: In the past, square brackets have been
used to denote optional arguments in the
PIC18 and earlier instruction sets. In this
text and going forward, optional





















Add Literal to FSR
Add Literal to FSR2 and Return
Call Subroutine using WREG
Move zs (source) to 1st word
fd (destination) 2nd word
Move zs (source) to 1st word
zd (destination) 2nd word
Store Literal at FSR2, 
    Decrement FSR2
Subtract Literal from FSR
Subtract Literal from FSR2 and
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26.2.2 EXTENDED INSTRUCTION SET
 
  
ADDFSR Add Literal to FSR 
Syntax: ADDFSR   f, k
Operands: 0 ≤ k ≤ 63
f ∈ [ 0, 1, 2 ]
Operation: FSR(f) + k → FSR(f)
Status Affected: None
Encoding: 1110 1000 ffkk kkkk
Description: The 6-bit literal ‘k’ is added to the 
















ADDULNK Add Literal to FSR2 and Return
Syntax: ADDULNK   k
Operands: 0 ≤ k ≤ 63
Operation: FSR2 + k → FSR2,
(TOS) → PC
Status Affected: None
Encoding: 1110 1000 11kk kkkk
Description: The 6-bit literal ‘k’ is added to the 
contents of FSR2. A RETURN is then 
executed by loading the PC with the 
TOS. 
The instruction takes two cycles to 
execute; a NOP is performed during 
the second cycle.
This may be thought of as a special 
case of the ADDFSR instruction, 
where f = 3 (binary ‘11’); it operates 


























Note: All PIC18 instructions may take an optional label argument preceding the instruction mnemonic for use in
symbolic addressing. If a label is used, the instruction format then becomes: {label} instruction argument(s).
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CALLW Subroutine Call using WREG
Syntax: CALLW 
Operands: None





Encoding: 0000 0000 0001 0100
Description First, the return address (PC + 2) is 
pushed onto the return stack. Next, the 
contents of W are written to PCL; the 
existing value is discarded. Then, the 
contents of PCLATH and PCLATU are 
latched into PCH and PCU, 
respectively. The second cycle is 
executed as a NOP instruction while the 
new next instruction is fetched.
Unlike CALL, there is no option to 




Q1 Q2 Q3 Q4
Decode Read 
WREG












Example: HERE CALLW 
Before Instruction










MOVSF Move Indexed to f
Syntax: MOVSF   [zs], fd
Operands: 0 ≤ zs ≤ 127
0 ≤ fd ≤ 4095













Description: The contents of the source register are 
moved to destination register ‘fd’. The 
actual address of the source register is 
determined by adding the 7-bit literal 
offset ‘zs’, in the first word, to the value 
of FSR2. The address of the destination 
register is specified by the 12-bit literal 
‘fd’ in the second word. Both addresses 
can be anywhere in the 4096-byte data 
space (000h to FFFh).
The MOVSF instruction cannot use the 
PCL, TOSU, TOSH or TOSL as the 
destination register.
If the resultant source address points to 
an indirect addressing register, the 





























of 85h = 33h
REG2 = 33h
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MOVSS Move Indexed to Indexed
Syntax: MOVSS   [zs], [zd]
Operands: 0 ≤ zs ≤ 127
0 ≤ zd ≤ 127













Description The contents of the source register are 
moved to the destination register. The 
addresses of the source and destination 
registers are determined by adding the 
7-bit literal offsets ‘zs’ or ‘zd’, 
respectively, to the value of FSR2. Both 
registers can be located anywhere in 
the 4096-byte data memory space 
(000h to FFFh).
The MOVSS instruction cannot use the 
PCL, TOSU, TOSH or TOSL as the 
destination register.
If the resultant source address points to 
an Indirect Addressing register, the 
value returned will be 00h. If the 
resultant destination address points to 
an Indirect Addressing register, the 





















of 85h = 33h
Contents




of 85h = 33h
Contents
of 86h = 33h
PUSHL Store Literal at FSR2, Decrement FSR2
Syntax: PUSHL  k
Operands: 0 ≤ k ≤ 255
Operation: k → (FSR2),
FSR2 – 1→ FSR2
Status Affected: None
Encoding: 1111 1010 kkkk kkkk
Description: The 8-bit literal ‘k’ is written to the data 
memory address specified by FSR2. 
FSR2 is decremented by 1 after the 
operation. 
This instruction allows users to push 




Q1 Q2 Q3 Q4




Example: PUSHL  08h
Before Instruction
FSR2H:FSR2L = 01ECh
Memory (01ECh) = 00h
After Instruction
FSR2H:FSR2L = 01EBh
Memory (01ECh) = 08h






SUBFSR Subtract Literal from FSR 
Syntax: SUBFSR  f, k
Operands: 0 ≤ k ≤ 63
f ∈ [ 0, 1, 2 ]
Operation: FSRf – k → FSRf
Status Affected: None
Encoding: 1110 1001 ffkk kkkk
Description: The 6-bit literal ‘k’ is subtracted from 

















SUBULNK Subtract Literal from FSR2 and Return
Syntax: SUBULNK   k
Operands: 0 ≤ k ≤ 63
Operation: FSR2 – k → FSR2
(TOS) → PC
Status Affected: None
Encoding: 1110 1001 11kk kkkk
Description: The 6-bit literal ‘k’ is subtracted from the 
contents of the FSR2. A RETURN is then 
executed by loading the PC with the 
TOS. 
The instruction takes two cycles to 
execute; a NOP is performed during the 
second cycle.
This may be thought of as a special case 
of the SUBFSR instruction, where f = 3 
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26.2.3 BYTE-ORIENTED AND 
BIT-ORIENTED INSTRUCTIONS IN 
INDEXED LITERAL OFFSET MODE
In addition to eight new commands in the extended set,
enabling the extended instruction set also enables
Indexed Literal Offset Addressing (Section 5.5.1
“Indexed Addressing with Literal Offset”). This has
a significant impact on the way that many commands of
the standard PIC18 instruction set are interpreted.
When the extended set is disabled, addresses embed-
ded in opcodes are treated as literal memory locations:
either as a location in the Access Bank (a = 0) or in a
GPR bank designated by the BSR (a = 1). When the
extended instruction set is enabled and a = 0, however,
a file register argument of 5Fh or less is interpreted as
an offset from the pointer value in FSR2 and not as a
literal address. For practical purposes, this means that
all instructions that use the Access RAM bit as an
argument – that is, all byte-oriented and bit-oriented
instructions, or almost half of the core PIC18 instruc-
tions – may behave differently when the extended
instruction set is enabled. 
When the content of FSR2 is 00h, the boundaries of the
Access RAM are essentially remapped to their original
values. This may be useful in creating
backward-compatible code. If this technique is used, it
may be necessary to save the value of FSR2 and
restore it when moving back and forth between C and
assembly routines in order to preserve the Stack
Pointer. Users must also keep in mind the syntax
requirements of the extended instruction set (see
Section 26.2.3.1 “Extended Instruction Syntax with
Standard PIC18 Commands”).
Although the Indexed Literal Offset Addressing mode
can be very useful for dynamic stack and pointer
manipulation, it can also be very annoying if a simple
arithmetic operation is carried out on the wrong
register. Users who are accustomed to the PIC18 pro-
gramming must keep in mind that, when the extended
instruction set is enabled, register addresses of 5Fh or
less are used for Indexed Literal Offset Addressing. 
Representative examples of typical byte-oriented and
bit-oriented instructions in the Indexed Literal Offset
Addressing mode are provided on the following page to
show how execution is affected. The operand condi-
tions shown in the examples are applicable to all
instructions of these types.
26.2.3.1 Extended Instruction Syntax with 
Standard PIC18 Commands
When the extended instruction set is enabled, the file
register argument ‘f’ in the standard byte-oriented and
bit-oriented commands is replaced with the literal offset
value ‘k’. As already noted, this occurs only when ‘f’ is
less than or equal to 5Fh. When an offset value is used,
it must be indicated by square brackets (“[ ]”). As with
the extended instructions, the use of brackets indicates
to the compiler that the value is to be interpreted as an
index or an offset. Omitting the brackets, or using a
value greater than 5Fh within the brackets, will
generate an error in the MPASM Assembler.
If the index argument is properly bracketed for Indexed
Literal Offset Addressing, the Access RAM argument is
never specified; it will automatically be assumed to be
‘0’. This is in contrast to standard operation (extended
instruction set disabled), when ‘a’ is set on the basis of
the target address. Declaring the Access RAM bit in
this mode will also generate an error in the MPASM
Assembler. 
The destination argument ‘d’ functions as before.
In the latest versions of the MPASM Assembler,
language support for the extended instruction set must
be explicitly invoked. This is done with either the
command line option, /y, or the PE directive in the
source listing.
26.2.4 CONSIDERATIONS WHEN 
ENABLING THE EXTENDED 
INSTRUCTION SET
It is important to note that the extensions to the instruc-
tion set may not be beneficial to all users. In particular,
users who are not writing code that uses a software
stack may not benefit from using the extensions to the
instruction set.
Additionally, the Indexed Literal Offset Addressing
mode may create issues with legacy applications
written to the PIC18 assembler. This is because
instructions in the legacy code may attempt to address
registers in the Access Bank below 5Fh. Since these
addresses are interpreted as literal offsets to FSR2
when the instruction set extension is enabled, the
application may read or write to the wrong data
addresses. 
When porting an application to the PIC18F8722 family,
it is very important to consider the type of code. A large,
re-entrant application that is written in C and would
benefit from efficient compilation will do well when
using the instruction set extensions. Legacy applica-
tions that heavily use the Access Bank will most likely
not benefit from using the extended instruction set.
Note: Enabling the PIC18 instruction set exten-
sion may cause legacy applications to
behave erratically or fail entirely. 
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ADDWF
ADD W to Indexed
(Indexed Literal Offset mode)
Syntax: ADDWF      [k] {,d}
Operands: 0 ≤ k ≤ 95
d ∈ [0,1]
Operation: (W) + ((FSR2) + k) → dest
Status Affected: N, OV, C, DC, Z
Encoding: 0010 01d0 kkkk kkkk
Description: The contents of W are added to the 
contents of the register indicated by 
FSR2, offset by the value ‘k’. 
If ‘d’ is ‘0’, the result is stored in W. If ‘d’ 
is ‘1’, the result is stored back in 




Q1 Q2 Q3 Q4














of 0A2Ch = 20h
BSF
Bit Set Indexed 
(Indexed Literal Offset mode)
Syntax: BSF   [k], b
Operands: 0 ≤ f ≤ 95
0 ≤ b ≤ 7
Operation: 1 → ((FSR2) + k)<b>
Status Affected: None
Encoding: 1000 bbb0 kkkk kkkk
Description: Bit ‘b’ of the register indicated by FSR2, 
















of 0A0Ah = 55h
After Instruction
Contents
of 0A0Ah = D5h
SETF
Set Indexed
(Indexed Literal Offset mode)
Syntax: SETF   [k]
Operands: 0 ≤ k ≤ 95
Operation: FFh → ((FSR2) + k)
Status Affected: None
Encoding: 0110 1000 kkkk kkkk
Description: The contents of the register indicated by 
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of 0A2Ch = 00h
After Instruction
Contents
of 0A2Ch = FFh
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26.2.5 SPECIAL CONSIDERATIONS WITH 
MICROCHIP MPLAB® IDE TOOLS
The latest versions of Microchip’s software tools have
been designed to fully support the extended instruction
set for the PIC18F8722 family. This includes the
MPLAB C18 C Compiler, MPASM assembly language
and MPLAB Integrated Development Environment
(IDE).
When selecting a target device for software
development, MPLAB IDE will automatically set default
Configuration bits for that device. The default setting for
the XINST Configuration is ‘0’, disabling the extended
instruction set and Indexed Literal Offset Addressing
mode. For proper execution of applications developed
to take advantage of the extended instruction set,
XINST must be set during programming.
To develop software for the extended instruction set,
the user must enable support for the instructions and
the Indexed Addressing mode in their language tool(s).
Depending on the environment being used, this may be
done in several ways:
• A menu option or dialog box within the 
environment that allows the user to configure the 
language tool and its settings for the project
• A command line option
• A directive in the source code
These options vary between different compilers,
assemblers and development environments. Users are
encouraged to review the documentation accompany-
ing their development systems for the appropriate
information.
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27.0 DEVELOPMENT SUPPORT
The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
• Integrated Development Environment
- MPLAB® IDE Software
• Assemblers/Compilers/Linkers
- MPASMTM Assembler
- MPLAB C18 and MPLAB C30 C Compilers
- MPLINKTM Object Linker/
MPLIBTM Object Librarian
- MPLAB ASM30 Assembler/Linker/Library
• Simulators
- MPLAB SIM Software Simulator
• Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- MPLAB REAL ICE™ In-Circuit Emulator
• In-Circuit Debugger
- MPLAB ICD 2
• Device Programmers
- PICSTART® Plus Development Programmer
- MPLAB PM3 Device Programmer
- PICkit™ 2 Development Programmer
• Low-Cost Demonstration and Development 
Boards and Evaluation Kits
27.1 MPLAB Integrated Development 
Environment Software
The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
operating system-based application that contains:
• A single graphical interface to all debugging tools
- Simulator
- Programmer (sold separately)
- Emulator (sold separately)
- In-Circuit Debugger (sold separately)
• A full-featured editor with color-coded context
• A multiple project manager
• Customizable data windows with direct edit of 
contents
• High-level source code debugging
• Visual device initializer for easy register 
initialization
• Mouse over variable inspection
• Drag and drop variables from source to watch 
windows
• Extensive on-line help
• Integration of select third party tools, such as 
HI-TECH Software C Compilers and IAR 
C Compilers
The MPLAB IDE allows you to:
• Edit your source files (either assembly or C)
• One touch assemble (or compile) and download 
to PIC MCU emulator and simulator tools 
(automatically updates all project information)
• Debug using:
- Source files (assembly or C)
- Mixed assembly and C
- Machine code
MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
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27.2 MPASM Assembler
The MPASM Assembler is a full-featured, universal
macro assembler for all PIC MCUs. 
The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.
The MPASM Assembler features include:
• Integration into MPLAB IDE projects
• User-defined macros to streamline 
assembly code
• Conditional assembly for multi-purpose 
source files
• Directives that allow complete control over the 
assembly process
27.3 MPLAB C18 and MPLAB C30 
C Compilers
The MPLAB C18 and MPLAB C30 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC18 and PIC24 families of microcon-
trollers and the dsPIC30 and dsPIC33 family of digital
signal controllers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers. 
For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.
27.4 MPLINK Object Linker/
MPLIB Object Librarian
The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script. 
The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications. 
The object linker/library features include:
• Efficient linking of single libraries instead of many 
smaller files
• Enhanced code maintainability by grouping 
related modules together
• Flexible creation of libraries with easy module 
listing, replacement, deletion and extraction
27.5 MPLAB ASM30 Assembler, Linker 
and Librarian
MPLAB ASM30 Assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 C Compiler uses the
assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:
• Support for the entire dsPIC30F instruction set
• Support for fixed-point and floating-point data
• Command line interface
• Rich directive set
• Flexible macro language
• MPLAB IDE compatibility
27.6 MPLAB SIM Software Simulator
The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/O, most peripherals and internal registers. 
The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C18 and
MPLAB C30 C Compilers, and the MPASM and
MPLAB ASM30 Assemblers. The software simulator
offers the flexibility to develop and debug code outside
of the hardware laboratory environment, making it an
excellent, economical software development tool. 
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27.7 MPLAB ICE 2000 
High-Performance 
In-Circuit Emulator
The MPLAB ICE 2000 In-Circuit Emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PIC
microcontrollers. Software control of the MPLAB ICE
2000 In-Circuit Emulator is advanced by the MPLAB
Integrated Development Environment, which allows
editing, building, downloading and source debugging
from a single environment.
The MPLAB ICE 2000 is a full-featured emulator
system with enhanced trace, trigger and data monitor-
ing features. Interchangeable processor modules allow
the system to be easily reconfigured for emulation of
different processors. The architecture of the MPLAB
ICE 2000 In-Circuit Emulator allows expansion to
support new PIC microcontrollers.
The MPLAB ICE 2000 In-Circuit Emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows® 32-bit operating system were
chosen to best make these features available in a
simple, unified application.
27.8 MPLAB REAL ICE In-Circuit 
Emulator System
MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit. 
The MPLAB REAL ICE probe is connected to the design
engineer’s PC using a high-speed USB 2.0 interface and
is connected to the target with either a connector
compatible with the popular MPLAB ICD 2 system
(RJ11) or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CAT5). 
MPLAB REAL ICE is field upgradeable through future
firmware downloads in MPLAB IDE. In upcoming
releases of MPLAB IDE, new devices will be supported,
and new features will be added, such as software break-
points and assembly code trace. MPLAB REAL ICE
offers significant advantages over competitive emulators
including low-cost, full-speed emulation, real-time
variable watches, trace analysis, complex breakpoints, a
ruggedized probe interface and long (up to three meters)
interconnection cables.
27.9 MPLAB ICD 2 In-Circuit Debugger
Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low-cost, run-time development tool,
connecting to the host PC via an RS-232 or high-speed
USB interface. This tool is based on the Flash PIC
MCUs and can be used to develop for these and other
PIC MCUs and dsPIC DSCs. The MPLAB ICD 2 utilizes
the in-circuit debugging capability built into the Flash
devices. This feature, along with Microchip’s In-Circuit
Serial ProgrammingTM (ICSPTM) protocol, offers cost-
effective, in-circuit Flash debugging from the graphical
user interface of the MPLAB Integrated Development
Environment. This enables a designer to develop and
debug source code by setting breakpoints, single step-
ping and watching variables, and CPU status and
peripheral registers. Running at full speed enables
testing hardware and applications in real time. MPLAB
ICD 2 also serves as a development programmer for
selected PIC devices.
27.10 MPLAB PM3 Device Programmer
The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages and a modu-
lar, detachable socket assembly to support various
package types. The ICSP™ cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices and incorporates an SD/MMC card for
file storage and secure data applications.
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27.11 PICSTART® Plus Development 
Programmer
The PICSTART® Plus Development Programmer is an
easy-to-use, low-cost, prototype programmer. It
connects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus Development Programmer supports
most PIC devices in DIP packages up to 40 pins.
Larger pin count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus Development Programmer is CE
compliant.
27.12 PICkit™ 2 Development 
Programmer
The PICkit™ 2 Development Programmer is a low-cost
programmer and selected Flash device debugger with
an easy-to-use interface for programming many of
Microchip’s baseline, mid-range and PIC18F families of
Flash memory microcontrollers. The PICkit 2 Starter Kit
includes a prototyping development board, twelve
sequential lessons, software and HI-TECH’s PICC™
Lite C compiler, and is designed to help get up to speed
quickly using PIC® microcontrollers. The kit provides
everything needed to program, evaluate and develop
applications using Microchip’s powerful, mid-range
Flash memory family of microcontrollers.
27.13 Demonstration, Development and 
Evaluation Boards
A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.
The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.
The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.
In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELOQ® security ICs, CAN,
IrDA®, PowerSmart battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.
Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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28.0 ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings(†) 
Ambient temperature under bias............................................................................................................ .-40°C to +125°C
Storage temperature ..............................................................................................................................  -65°C to +150°C
Voltage on any pin with respect to VSS (except VDD and MCLR) ................................................... -0.3V to (VDD + 0.3V)
Voltage on VDD with respect to VSS .........................................................................................................  -0.3V to +7.5V
Voltage on MCLR with respect to VSS (Note 2) ......................................................................................... 0V to +13.25V
Total power dissipation (Note 1) ...............................................................................................................................1.0W
Maximum current out of VSS pin ...........................................................................................................................300 mA
Maximum current into VDD pin ..............................................................................................................................250 mA
Input clamp current, IIK (VI < 0 or VI > VDD)...................................................................................................................... ±20 mA
Output clamp current, IOK (VO < 0 or VO > VDD) .............................................................................................................. ±20 mA
Maximum output current sunk by any I/O pin..........................................................................................................25 mA
Maximum output current sourced by any I/O pin ....................................................................................................25 mA
Maximum current sunk by all ports .......................................................................................................................200 mA
Maximum current sourced by all ports ..................................................................................................................200 mA
Note 1: Power dissipation is calculated as follows: 
Pdis = VDD x {IDD – ∑ IOH} + ∑ {(VDD – VOH) x IOH} + ∑(VOL x IOL)
2: Voltage spikes below VSS at the RG5/MCLR/VPP pin, inducing currents greater than 80 mA, may cause
latch-up. Thus, a series resistor of 50-100Ω should be used when applying a “low” level to the RG5/MCLR/
VPP pin, rather than pulling this pin directly to VSS.
    
† NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at those or any other conditions above those 
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability.
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FIGURE 28-1: PIC18F8722 DEVICE FAMILY VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)          




















FMAX = 20 MHz in 8-bit External Memory mode.




















FMAX = 20 MHz in 8-bit External Memory mode.
FMAX = 25 MHz in all other modes.
PIC18F6627/6622/6627/6722
PIC18F8527/8622/8627/8722
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In 8-bit External Memory mode:
Note: VDDAPPMIN is the minimum voltage of the PIC® device in the application.
4 MHz
4.2V
FMAX = (9.55 MHz/V) (VDDAPPMIN – 2.0V) + 4 MHz, if VDDAPPMIN ≤ 4.2V;
FMAX = 25 MHz, if VDDAPPMIN > 4.2V.
In all other modes:
FMAX = (16.36 MHz/V) (VDDAPPMIN – 2.0V) + 4 MHz;
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28.1 DC Characteristics: Supply Voltage
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Symbol Characteristic Min Typ Max Units Conditions
D001 VDD Supply Voltage
PIC18LF6X27/6X22/8X27/8X22 2.0 — 5.5 V
PIC18F6X27/6X22/8X27/8X22 4.2 — 5.5 V
D002 VDR RAM Data Retention
Voltage(1)
1.5 — — V
D003 VPOR VDD Start Voltage 
to Ensure Internal 
Power-on Reset Signal
— — 0.7 V See Section 4.3 “Power-on Reset (POR)” for 
details
D004 SVDD VDD Rise Rate
to Ensure Internal 
Power-on Reset Signal
0.05 — — V/ms See Section 4.3 “Power-on Reset (POR)” for 
details
D005 VBOR Brown-out Reset Voltage
BORV<1:0> = 11 2.00 2.05 2.16 V PIC18LF6627/6722/8627/8722
BORV<1:0> = 11 2.00 2.11 2.22 V PIC18LF6527/6622/8527/8622
BORV<1:0> = 10 2.65 2.79 2.93 V PIC18LF6X27/6X22/8X27/8X22
BORV<1:0> = 01(2) 4.11 4.33 4.55 V All devices
BORV<1:0> = 00 4.36 4.59 4.82 V All devices
Legend: Shading of rows is to assist in readability of the table.
Note 1: This is the limit to which VDD can be lowered in Sleep mode, or during a device Reset, without losing RAM data.
2: With BOR enabled, full-speed operation (FOSC = 40 MHz) is supported until a BOR occurs. The VDD may be below the 
minimum voltage for this frequency.
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28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Power-Down Current (IPD)(1)
PIC18LF6X27/6X22/8X27/8X22 120 700 nA  -40°C
VDD = 2.0V
(Sleep mode)
120 700 nA +25°C
0.24 3.0 μA +85°C
PIC18LF6X27/6X22/8X27/8X22 120 900 nA -40°C
VDD = 3.0V
(Sleep mode)
120 900 nA +25°C
0.36 6 μA +85°C
All devices 0.12 2 μA -40°C
VDD = 5.0V
(Sleep mode)
0.12 2 μA +25°C
0.48 9 μA +85°C
Extended devices only 12 100 μA +125°C
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Supply Current (IDD)(2)
PIC18LF6X27/6X22/8X27/8X22 18 25 μA -40°C
FOSC = 31 kHz
(RC_RUN mode, 
Internal oscillator source)
18 22 μA +25°C VDD = 2.0V
18 25 μA +85°C
PIC18LF6X27/6X22/8X27/8X22 48 70 μA -40°C
42 50 μA +25°C VDD = 3.0V
36 47 μA +85°C
All devices 126 180 μA -40°C
VDD = 5.0V
108 150 μA +25°C 
96 140 μA +85°C
Extended devices only 96 230 μA +125°C
PIC18LF6X27/6X22/8X27/8X22 380 440 μA -40°C
FOSC = 1 MHz
(RC_RUN mode, 
Internal oscillator source)
380 440 μA +25°C VDD = 2.0V
380 440 μA +85°C
PIC18LF6X27/6X22/8X27/8X22 720 800 μA -40°C
700 740 μA +25°C VDD = 3.0V
720 740 μA +85°C
All devices 1.2 1.4 mA -40°C
VDD = 5.0V
1.2 1.3 mA +25°C 
1.2 1.3 mA +85°C
Extended devices only 1.2 1.4 mA +125°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Supply Current (IDD)(2)
PIC18LF6X27/6X22/8X27/8X22 1.0 1.3 mA -40°C
FOSC = 4 MHz
(RC_RUN mode, 
Internal oscillator source)
1.0 1.3 mA +25°C VDD = 2.0V
1.0 1.3 mA +85°C
PIC18LF6X27/6X22/8X27/8X22 1.6 1.9 mA -40°C
1.6 1.9 mA +25°C VDD = 3.0V
1.6 1.9 mA +85°C
All devices 3.0 3.5 mA -40°C
VDD = 5.0V
3.0 3.4 mA +25°C 
3.0 3.4 mA +85°C
Extended devices only 3.0 3.4 mA +125°C
PIC18LF6X27/6X22/8X27/8X22 3.5 5 μA -40°C
FOSC = 31 kHz
(RC_IDLE mode, 
Internal oscillator source)
3.7 5 μA +25°C VDD = 2.0V
4.3 9.5 μA +85°C
PIC18LF6X27/6X22/8X27/8X22 5.4 7 μA -40°C
5.7 8 μA +25°C VDD = 3.0V
7.0 15 μA +85°C
All devices 11 15 μA -40°C
VDD = 5.0V
11.8 15 μA +25°C 
13.5 35 μA +85°C
Extended devices only 25 200 μA +125°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Supply Current (IDD)(2)
PIC18LF6X27/6X22/8X27/8X22 200 250 μA -40°C
FOSC = 1 MHz
(RC_IDLE mode, 
Internal oscillator source)
210 250 μA +25°C VDD = 2.0V
228 270 μA +85°C
PIC18LF6X27/6X22/8X27/8X22 300 360 μA -40°C
324 360 μA +25°C VDD = 3.0V
350 380 μA +85°C
All devices 500 600 μA -40°C
VDD = 5.0V
520 600 μA +25°C 
550 620 μA +85°C
Extended devices only 720 800 μA +125°C
PIC18LF6X27/6X22/8X27/8X22 410 500 μA -40°C
FOSC = 4 MHz
(RC_IDLE mode, 
Internal oscillator source)
420 490 μA +25°C VDD = 2.0V
430 490 μA +85°C
PIC18LF6X27/6X22/8X27/8X22 630 800 μA -40°C
650 790 μA +25°C VDD = 3.0V
690 800 μA +85°C
All devices 1.2 1.4 mA -40°C
VDD = 5.0V
1.3 1.4 mA +25°C 
1.2 1.4 mA +85°C
Extended devices only 1.2 1.6 mA +125°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Supply Current (IDD)(2)
PIC18LF6X27/6X22/8X27/8X22 300 350 μA -40°C
FOSC = 1 MHZ
(PRI_RUN mode,
EC oscillator)
310 350 μA +25°C VDD = 2.0V
300 350 μA +85°C
PIC18LF6X27/6X22/8X27/8X22 660 800 μA -40°C
580 700 μA +25°C VDD = 3.0V
550 670 μA +85°C
All devices 1.2 1.75 mA -40°C
VDD = 5.0V
1.1 1.4 mA +25°C 
1.0 1.3 mA +85°C
Extended devices only 1.0 1.4 mA +125°C
PIC18LF6X27/6X22/8X27/8X22 0.86 1.2 mA -40°C
FOSC = 4 MHz
(PRI_RUN mode,
EC oscillator)
0.88 1.2 mA +25°C VDD = 2.0V
0.88 1.2 mA +85°C
PIC18LF6X27/6X22/8X27/8X22 1.6 1.9 mA -40°C
1.6 1.8 mA +25°C VDD = 3.0V
1.6 1.8 mA +85°C
All devices 3.2 3.6 mA -40°C
VDD = 5.0V
3.1 3.5 mA +25°C 
3.0 3.5 mA +85°C
Extended devices only 3.1 3.5 mA +125°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Supply Current (IDD)(2)
Extended devices only 10 15 mA +125°C VDD = 4.2V FOSC = 25 MHz
(PRI_RUN mode,
EC oscillator)
13 18 mA +125°C VDD = 5.0V
All devices 18 23.5 mA -40°C
FOSC = 40 MHZ
(PRI_RUN mode,
EC oscillator)
19 23.5 mA +25°C VDD = 4.2V
19 23.5 mA +85°C
All devices 25 29 mA -40°C
25 29 mA +25°C VDD = 5.0V
25 29 mA +85°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Supply Current (IDD)(2)
All devices 9.0 13 mA -40°C
VDD = 4.2V
FOSC = 4 MHZ,
16 MHz internal
(PRI_RUN HS+PLL)
9.0 13 mA +25°C
9.0 13 mA +85°C
Extended devices only 9.6 15 mA +125°C
All devices 12 15 mA -40°C
VDD = 5.0V
FOSC = 4 MHZ,
16 MHz internal
(PRI_RUN HS+PLL)
12 15 mA +25°C
12 15 mA +85°C
Extended devices only 12 17 mA +125°C
All devices 18 23.5 mA -40°C
VDD = 4.2V
FOSC = 10 MHZ,
40 MHz internal
(PRI_RUN HS+PLL)
19 23.5 mA +25°C
19 23.5 mA +85°C
All devices 25 29 mA -40°C
VDD = 5.0V
FOSC = 10 MHZ,
40 MHz internal
(PRI_RUN HS+PLL)
25 29 mA +25°C
25 29 mA +85°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Supply Current (IDD)(2)
PIC18LF6X27/6X22/8X27/8X22 78 100 μA -40°C
FOSC = 1 MHz
(PRI_IDLE mode, 
EC oscillator)
78 100 μA +25°C VDD = 2.0V
84 110 μA +85°C
PIC18LF6X27/6X22/8X27/8X22 130 150 μA -40°C
130 150 μA +25°C VDD = 3.0V
140 160 μA +85°C
All devices 230 280 μA -40°C
VDD = 5.0V
235 290 μA +25°C 
240 300 μA +85°C
Extended devices only 260 500 μA +125°C
PIC18LF6X27/6X22/8X27/8X22 312 375 μA -40°C
FOSC = 4 MHz
(PRI_IDLE mode, 
EC oscillator)
305 385 μA +25°C VDD = 2.0V
324 380 μA +85°C
PIC18LF6X27/6X22/8X27/8X22 500 660 μA -40°C
600 670 μA +25°C VDD = 3.0V
600 680 μA +85°C
All devices 1.1 1.2 mA -40°C
VDD = 5.0V
1.1 1.2 mA +25°C 
1.1 1.2 mA +85°C
Extended devices only 1.2 1.3 mA +125°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Supply Current (IDD)(2)
Extended devices only 3.4 5.8 mA +125°C VDD = 4.2V FOSC = 25 MHz
(PRI_IDLE mode, 
EC oscillator)
5.2 7 mA +125°C VDD = 5.0V
All devices 7.2 10 mA -40°C
FOSC = 40 MHz
(PRI_IDLE mode, 
EC oscillator)
7.4 10 mA +25°C VDD = 4.2 V
7.8 10 mA +85°C
All devices 9.7 12 mA -40°C
11 12 mA +25°C VDD = 5.0V
10 12 mA +85°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Supply Current (IDD)(2)
PIC18LF6X27/6X22/8X27/8X22 17 28 μA -40°C
FOSC = 32 kHz(3)
(SEC_RUN mode, 
Timer1 as clock)
18 25 μA +25°C VDD = 2.0V
19 28 μA +70°C
PIC18LF6X27/6X22/8X27/8X22 48 70 μA -40°C
42 52 μA +25°C VDD = 3.0V
37 48 μA +70°C
All devices 120 180 μA -40°C
97 130 μA +25°C VDD = 5.0V
90 125 μA +70°C
PIC18LF6X27/6X22/8X27/8X22 3.0 10 μA -40°C
FOSC = 32 kHz(3)
(SEC_IDLE mode, 
Timer1 as clock)
4.4 6.8 μA +25°C VDD = 2.0V
5.4 10 μA +70°C
PIC18LF6X27/6X22/8X27/8X22 6.0 15 μA -40°C
6.5 10 μA +25°C VDD = 3.0V
7.6 15 μA +70°C
All devices 10.0 25 μA -40°C
10.5 15 μA +25°C VDD = 5.0V
11.0 25 μA +70°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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Module Differential Currents (ΔIWDT, ΔIBOR, ΔILVD, ΔIOSCB,  ΔIAD)
D022
(ΔIWDT)
Watchdog Timer 1.5 2.2 μA -40°C
VDD = 2.0V1.6 2.2 μA +25°C
1.7 2.3 μA +85°C
2.3 3.5 μA -40°C
VDD = 3.0V2.4 3.5 μA +25°C
3.4 3.5 μA +85°C
4.8 7.5 μA -40°C
VDD = 5.0V
6.0 7.5 μA +25°C
6.1 7.8 μA +85°C
8 10 μA +125°C
D022A
(ΔIBOR)
Brown-out Reset(4) 4.2 50 μA -40°C to +85°C VDD = 3.0V
48 55 μA -40°C to +85°C
VDD = 5.0V
66 55 μA -40°C to +125°C
0 2.4 μA -40°C to +85°C Sleep mode,
BOREN<1:0> = 100 6.0 μA -40°C to +125°C
D022B
(ΔILVD)
High/Low-Voltage Detect(4) 2.7 38 μA -40°C to +85°C VDD = 2.0V
30 40 μA -40°C to +85°C VDD = 3.0V
35 45 μA -40°C to +85°C
VDD = 5.0V
36 45 μA -40°C to +125°C
D025
(ΔIOSCB)
Timer1 Oscillator 4.5 9 μA -40°C(3)
VDD = 2.0V 32 kHz on Timer1
.9 1.7 μA -10°C
.9 2.2 μA +25°C
.9 2.2 μA +85°C
4.8 10 μA -40°C(3)
VDD = 3.0V 32 kHz on Timer1
1 1.8 μA -10°C
1 2.3 μA +25°C
1 2.3 μA +85°C
6 11 μA -40°C(3)
VDD = 5.0V 32 kHz on Timer1
1.6 6 μA -10°C
1.6 6 μA +25°C
1.6 6 μA +85°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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D026
(ΔIAD)
A/D Converter 0.2 1 μA -40°C to +85°C VDD = 2.0V
A/D on, not converting, 
Sleep mode
0.2 1 μA -40°C to +85°C VDD = 3.0V
0.2 1 μA -40°C to +85°C
VDD = 5.0V
0.5 4 μA -40°C to +125°C
28.2 DC Characteristics: Power-Down and Supply Current
PIC18F6X27/6X22/8X27/8X22 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
PIC18LF6X27/6X22/8X27/8X22
      (Industrial)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended)      
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
 No.
Device Typ Max Units Conditions
Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).
2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD OR VSS;
MCLR = VDD; WDT enabled/disabled as specified. 
3: When operation below -10°C is expected, use T1OSC High-Power mode, where LPT1OSC (CONFIG3H<2>) = 0. When 
operation will always be above -10°C, then the low-power Timer1 oscillator may be selected.
4: BOR and HLVD enable internal band gap reference. With both modules enabled, current consumption will be less than 
the sum of both specifications.
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28.3 DC Characteristics: PIC18F8722 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial)
DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
Param
No.
Symbol Characteristic Min Max Units Conditions
VIL Input Low Voltage
I/O Ports:
D030 with TTL Buffer VSS 0.15 VDD V VDD < 4.5V 
D030A — 0.8 V 4.5V ≤ VDD ≤ 5.5V 
D031 with Schmitt Trigger Buffer VSS 0.2 VDD V
D032 MCLR VSS 0.2 VDD V


















VIH Input High Voltage
I/O Ports:
D040 with TTL Buffer 0.25 VDD + 0.8V VDD V VDD < 4.5V
D040A 2.0 VDD V 4.5V ≤ VDD ≤ 5.5V 
D041 with Schmitt Trigger Buffer 0.8 VDD VDD V
D042 MCLR 0.8 VDD VDD V
























IIL Input Leakage Current(2,3) 
D060 I/O Ports — ±200 nA VDD < 5.5V
VSS ≤ VPIN ≤ VDD, 
Pin at high-impedance
— ±50 nA VDD < 3V
VSS ≤ VPIN ≤ VDD, 
Pin at high-impedance
D061 MCLR — ±1 μA Vss ≤ VPIN ≤ VDD
D063 OSC1 — ±1 μA Vss ≤ VPIN ≤ VDD 
IPU Weak Pull-up Current
D070 IPURB PORTB Weak Pull-up Current 50 400 μA VDD = 5V, VPIN = VSS
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the 
PIC® device be driven with an external clock while in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current may be measured at different input 
voltages.
3: Negative current is defined as current sourced by the pin.
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VOL Output Low Voltage
D080 I/O Ports — 0.6 V IOL = 8.5 mA, VDD = 4.5V, 
-40°C to +85°C
D083 OSC2/CLKO
(RC, RCIO, EC, ECIO modes)
— 0.6 V IOL = 1.6 mA, VDD = 4.5V, 
-40°C to +85°C
VOH Output High Voltage(3)
D090 I/O Ports VDD – 0.7 — V IOH = -3.0 mA, VDD = 4.5V,
-40°C to +85°C
D092 OSC2/CLKO 
(RC, RCIO, EC, ECIO modes)




D100 COSC2 OSC2 Pin — 15 pF In XT, HS and LP modes 
when external clock is 
used to drive OSC1
D101 CIO All I/O Pins and OSC2 
(in RC mode)
— 50 pF To meet the AC Timing 
Specifications
D102 CB SCLx, SDAx — 400 pF I2C™ Specification
28.3 DC Characteristics: PIC18F8722 (Industrial, Extended) 
PIC18LF6X27/6X22/8X27/8X22 (Industrial) (Continued)
DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
Param
No.
Symbol Characteristic Min Max Units Conditions
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the 
PIC® device be driven with an external clock while in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current may be measured at different input 
voltages.
3: Negative current is defined as current sourced by the pin.
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TABLE 28-1: MEMORY PROGRAMMING REQUIREMENTS          
DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
Param
No.
Sym Characteristic Min Typ† Max Units Conditions
Data EEPROM Memory
D120 ED Byte Endurance 100K 1M — E/W -40°C to +85°C
D121 VDRW VDD for Read/Write VMIN — 5.5 V Using EECON to read/write
VMIN = Minimum operating 
voltage
D122 TDEW Erase/Write Cycle Time — 4 — ms
D123 TRETD Characteristic Retention 40 — — Year Provided no other 
specifications are violated
D124 TREF Number of Total Erase/Write 
Cycles before Refresh(1)
1M 10M — E/W -40°C to +85°C 
D125 IDDP Supply Current during 
Programming
— 10 — mA
Program Flash Memory
D130 EP Cell Endurance 10K 100K — E/W -40°C to +85°C
D131 VPR VDD for Read VMIN — 5.5 V VMIN = Minimum operating 
voltage
D132B VPEW VDD for Self-Timed Write and 
Row Erase
VMIN — 5.5 V VMIN = Minimum operating 
voltage
D133A TIW Self-Timed Write Cycle Time — 2 — ms
D134 TRETD Characteristic Retention 40 100 — Year Provided no other 
specifications are violated
D135 IDDP Supply Current during 
Programming
— 10 — mA
† Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance 
only and are not tested.
Note 1: Refer to Section 8.8 “Using the Data EEPROM” for a more detailed discussion on data EEPROM 
endurance.
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TABLE 28-2: COMPARATOR SPECIFICATIONS    
TABLE 28-3: COMPARATOR VOLTAGE REFERENCE SPECIFICATIONS  
Operating Conditions: 3.0V < VDD < 5.5V, -40°C < TA < +85°C (unless otherwise stated)
Param
No.
Sym Characteristics Min Typ Max Units Comments
D300 VIOFF Input Offset Voltage — ±5.0 ±10 mV
D301 VICM Input Common Mode Voltage 0 — VDD – 1.5 V
D302 CMRR Common Mode Rejection Ratio 55 — — dB
300 TRESP Response Time(1) — 150 400 ns PIC18FXXXX
300A — 150 600 ns PIC18LFXXXX,
VDD = 2.0V
301 TMC2OV Comparator Mode Change to 
Output Valid
— — 10 μs
Note 1: Response time measured with one comparator input at (VDD – 1.5)/2, while the other input transitions 
from VSS to VDD.
Operating Conditions: 3.0V < VDD < 5.5V, -40°C < TA < +85°C (unless otherwise stated)
Param
No.
Sym Characteristics Min Typ Max Units Comments
D310 VRES Resolution VDD/24 — VDD/32 LSb
D311 VRAA Absolute Accuracy — — 1/2 LSb
D312 VRUR Unit Resistor Value (R) — 2k — Ω
310 TSET Settling Time(1) — — 10 μs
Note 1: Settling time measured while CVRR = 1 and CVR<3:0> transitions from ‘0000’ to ‘1111’.
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FIGURE 28-4: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS




(HLVDIF set by hardware) (HLVDIF can be 
cleared in software)
VHLVD
For VDIRMAG = 1:
For VDIRMAG = 0: VDD
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
Param 
No.
Sym Characteristic Min Typ Max Units Conditions
D420 HLVD Voltage on VDD 
Transition High-to-Low
HLVDL<3:0> = 0000 2.06 2.17 2.28 V
HLVDL<3:0> = 0001 2.12 2.23 2.34 V
HLVDL<3:0> = 0010 2.24 2.36 2.48 V
HLVDL<3:0> = 0011 2.32 2.44 2.56 V
HLVDL<3:0> = 0100 2.47 2.60 2.73 V
HLVDL<3:0> = 0101 2.65 2.79 2.93 V
HLVDL<3:0> = 0110 2.74 2.89 3.04 V
HLVDL<3:0> = 0111 2.96 3.12 3.28 V
HLVDL<3:0> = 1000 3.22 3.39 3.56 V
HLVDL<3:0> = 1001 3.37 3.55 3.73 V
HLVDL<3:0> = 1010 3.52 3.71 3.90 V
HLVDL<3:0> = 1011 3.70 3.90 4.10 V
HLVDL<3:0> = 1100 3.90 4.11 4.32 V
HLVDL<3:0> = 1101 4.11 4.33 4.55 V
HLVDL<3:0> = 1110 4.36 4.59 4.82 V
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28.4 AC (Timing) Characteristics
28.4.1 TIMING PARAMETER SYMBOLOGY
The timing parameter symbols have been created
following one of the following formats:
     
1. TppS2ppS 3. TCC:ST (I2C™ specifications only)
2. TppS 4. Ts (I2C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc OSC1
ck CLKO rd RD
cs CS rw RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 T0CKI
io I/O port t1 T13CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (High-Impedance) V Valid
L Low Z High-Impedance
I2C only
AA output access High High
BUF Bus free Low Low
TCC:ST (I2C specifications only)
CC
HD Hold SU Setup
ST
DAT DATA input hold STO Stop condition
STA Start condition
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28.4.2 TIMING CONDITIONS
The temperature and voltages specified in Table 28-5
apply to all timing specifications unless otherwise
noted. Figure 28-5 specifies the load conditions for the
timing specifications.
TABLE 28-5: TEMPERATURE AND VOLTAGE SPECIFICATIONS – AC       
FIGURE 28-5: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS    
Note: Because of space limitations, the generic
terms “PIC18FXXXX” and “PIC18LFXXXX”
are used throughout this section to refer to
the PIC18F6X27/6X22/8X27/8X22 and
PIC18LF6X27/6X22/8X27/8X22 families of
devices specifically and only those devices.
AC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C   for industrial
-40°C ≤ TA ≤ +125°C   for extended
Operating voltage VDD range as described in the DC specifications in Section 28.1 
and Section 28.3. 










CL = 50 pF for all pins except OSC2/CLKO
and including D and E outputs as ports
Load Condition 1 Load Condition 2
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28.4.3 TIMING DIAGRAMS AND SPECIFICATIONS
FIGURE 28-6: EXTERNAL CLOCK TIMING (ALL MODES EXCEPT PLL)           
TABLE 28-6: EXTERNAL CLOCK TIMING REQUIREMENTS    
OSC1
CLKO
Q4 Q1 Q2 Q3 Q4 Q1
1
2
3 3 4 4
Param.
No.
Symbol Characteristic Min Max Units Conditions
1A FOSC External CLKI Frequency(1) DC 1 MHz XT, RC Oscillator mode
DC 25 MHz HS Oscillator mode
DC 31.25 kHz LP Oscillator mode
DC 40 MHz EC Oscillator mode
Oscillator Frequency(1) DC 4 MHz RC Oscillator mode
0.1 4 MHz XT Oscillator mode
4 25 MHz HS Oscillator mode
4 10 MHz HS + PLL Oscillator mode
5 200 kHz LP Oscillator mode
1 TOSC External CLKI Period(1) 1000 — ns XT, RC Oscillator mode
40 — ns HS Oscillator mode
32 — μs LP Oscillator mode
25 — ns EC Oscillator mode
Oscillator Period(1) 250 — ns RC Oscillator mode
250 1 μs XT Oscillator mode
40 250 ns HS Oscillator mode
100 250 ns HS + PLL Oscillator mode
5 200 μs LP Oscillator mode
2 TCY Instruction Cycle Time(1) 100 — ns TCY = 4/FOSC, Industrial
160 — ns TCY = 4/FOSC, Extended
3 TOSL,
TOSH
External Clock in (OSC1) 
High or Low Time
30 — ns XT Oscillator mode
2.5 — μs LP Oscillator mode
10 — ns HS Oscillator mode
4 TOSR,
TOSF
External Clock in (OSC1) 
Rise or Fall Time
— 20 ns XT Oscillator mode
— 50 ns LP Oscillator mode
— 7.5 ns HS Oscillator mode
Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period for all configurations 
except PLL. All specified values are based on characterization data for that particular oscillator type under 
standard operating conditions with the device executing code. Exceeding these specified limits may result 
in an unstable oscillator operation and/or higher than expected current consumption. All devices are tested 
to operate at “min.” values with an external clock applied to the OSC1/CLKI pin. When an external clock 
input is used, the “max.” cycle time limit is “DC” (no clock) for all devices.
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TABLE 28-7: PLL CLOCK TIMING SPECIFICATIONS (VDD = 4.2V TO 5.5V)





Sym Characteristic Min Typ† Max Units Conditions
F10 FOSC Oscillator Frequency Range 4 — 10 MHz HS mode only
F11 FSYS On-Chip VCO System Frequency 16 — 40 MHz HS mode only
F12 trc PLL Start-up Time (Lock Time) — — 2 ms
F13 ΔCLK CLKO Stability (Jitter) -2 — +2 %
† Data in “Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance 
only and are not tested.
PIC18LF6X27/6X22/8X27/8X22
      (Industrial) 
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
PIC18F6X27/6X22/8X27/8X22
      (Industrial, Extended) 
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 
-40°C ≤ TA ≤ +125°C for extended
Param
No.
Device Min Typ Max Units Conditions
INTOSC Accuracy @ Freq = 8 MHz, 4 MHz, 2 MHz, 1 MHz, 500 kHz, 250 kHz, 125 kHz(1)
PIC18LF6X27/6X22/8X27/8X22 -2 +/-1 2 % +25°C VDD = 2.7-3.3V
-5 +/-1 5 % -40°C to +85°C VDD = 2.7-3.3V
PIC18F6X27/6X22/8X27/8X22 -2 +/-1 2 % +25°C VDD = 4.5-5.5V
-5 +/-1 5 % -40°C to +85°C VDD = 4.5-5.5V
INTRC Accuracy @ Freq = 31 kHz
PIC18LF6X27/6X22/8X27/8X22 26.562 — 35.938 kHz -40°C to +85°C VDD = 2.7-3.3V
PIC18F6X27/6X22/8X27/8X22 26.562 +/-8 35.938 kHz -40°C to +85°C VDD = 4.5-5.5V
Legend: Shading of rows is to assist in readability of the table.
Note 1: Frequency calibrated at 25°C. OSCTUNE register can be used to compensate for temperature drift.
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FIGURE 28-7: CLKO AND I/O TIMING        
TABLE 28-9: CLKO AND I/O TIMING REQUIREMENTS     
Param
No.
Symbol Characteristic Min Typ Max Units Conditions
10 TOSH2CKL OSC1 ↑ to CLKO ↓ — 75 200 ns (Note 1)
11 TOSH2CKH OSC1 ↑ to CLKO ↑ — 75 200 ns (Note 1)
12 TCKR CLKO Rise Time — 35 100 ns (Note 1)
13 TCKF CLKO Fall Time — 35 100 ns (Note 1)
14 TCKL2IOV CLKO ↓ to Port Out Valid — — 0.5 TCY + 20 ns (Note 1)
15 TIOV2CKH Port In Valid before CLKO ↑ 0.25 TCY + 25 — — ns (Note 1)
16 TCKH2IOI Port In Hold after CLKO ↑ 0 — — ns (Note 1)
17 TOSH2IOV OSC1 ↑ (Q1 cycle) to Port Out Valid — 50 150 ns
18 TOSH2IOI OSC1 ↑ (Q2 cycle) to 
Port Input Invalid 
(I/O in hold time)
PIC18FXXXX 100 — — ns
18A PIC18LFXXXX 200 — — ns VDD = 2.0V
19 TIOV2OSH Port Input Valid to OSC1 ↑ (I/O in setup 
time)
0 — — ns
20 TIOR Port Output Rise Time PIC18FXXXX — 10 25 ns
20A PIC18LFXXXX — — 60 ns VDD = 2.0V
21 TIOF Port Output Fall Time PIC18FXXXX — 10 25 ns
21A PIC18LFXXXX — — 60 ns VDD = 2.0V
22† TINP INTx pin High or Low Time TCY — — ns
23† TRBP RB<7:4> Change INTx High or Low Time TCY — — ns
† These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode, where CLKO output is 4 x TOSC.


















Old Value New Value
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FIGURE 28-8: PROGRAM MEMORY READ TIMING DIAGRAM 
TABLE 28-10: CLKO AND I/O TIMING REQUIREMENTS  
Param. 
No
Symbol Characteristics Min Typ Max Units
150 TadV2alL Address Out Valid to ALE ↓ (address 
setup time)
0.25 TCY – 10 — — ns
151 TalL2adl ALE ↓ to Address Out Invalid (address 
hold time)
5 — — ns
155 TalL2oeL ALE ↓ to OE ↓ 10 0.125 TCY — ns
160 TadZ2oeL AD high-Z to OE ↓ (bus release to OE) 0 — — ns
161 ToeH2adD OE ↑ to AD Driven 0.125 TCY – 5 — — ns
162 TadV2oeH LS Data Valid before OE ↑ (data setup time) 20 — — ns
163 ToeH2adl OE ↑ to Data In Invalid (data hold time) 0 — — ns
164 TalH2alL ALE Pulse Width — TCY — ns
165 ToeL2oeH OE Pulse Width 0.5 TCY – 5  0.5 TCY — ns
166 TalH2alH ALE ↑ to ALE ↑ (cycle time) — 0.25 TCY — ns
167 Tacc Address Valid to Data Valid 0.75 TCY – 25 — — ns
168 Toe OE ↓ to Data Valid — 0.5 TCY – 25 ns
169 TalL2oeH ALE ↓ to OE ↑ 0.625 TCY – 10 — 0.625 TCY + 10 ns
171 TalH2csL Chip Enable Active to ALE ↓ 0.25 TCY – 20 — — ns
171A TubL2oeH AD Valid to Chip Enable Active — — 10 ns

























Operating Conditions: 2.0V < VCC < 5.5V, -40°C < TA < +125°C unless otherwise stated.
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FIGURE 28-9: PROGRAM MEMORY WRITE TIMING DIAGRAM 
TABLE 28-11: PROGRAM MEMORY WRITE TIMING REQUIREMENTS 
Param. 
No
Symbol Characteristics Min Typ Max Units
150 TadV2alL Address Out Valid to ALE ↓ (address setup time) 0.25 TCY – 10 — — ns
151 TalL2adl ALE ↓ to Address Out Invalid (address hold time) 5 — — ns
153 TwrH2adl WRn ↑ to Data Out Invalid (data hold time) 5 — — ns
154 TwrL WRn Pulse Width 0.5 TCY – 5 0.5 TCY — ns
156 TadV2wrH Data Valid before WRn ↑ (data setup time) 0.5 TCY – 10 — — ns
157 TbsV2wrL Byte Select Valid before WRn ↓ (byte select setup 
time)
0.25 TCY — — ns
157A TwrH2bsI WRn ↑ to Byte Select Invalid (byte select hold time) 0.125 TCY – 5 — — ns
166 TalH2alH ALE ↑ to ALE ↑ (cycle time) — 0.25 TCY — ns
171 TalH2csL Chip Enable Active to ALE ↓ 0.25 TCY – 20 — — ns
171A TubL2oeH AD Valid to Chip Enable Active — — 10 ns
























Operating Conditions: 2.0V < VCC < 5.5V, -40°C < TA < +125°C unless otherwise stated.
© 2008 Microchip Technology Inc. DS39646C-page 403
PIC18F8722 FAMILY
FIGURE 28-10: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND 
POWER-UP TIMER TIMING       
FIGURE 28-11: BROWN-OUT RESET TIMING       
TABLE 28-12: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER 
AND BROWN-OUT RESET REQUIREMENTS    
Param. 
No.
Symbol Characteristic Min Typ Max Units Conditions
30 TmcL MCLR Pulse Width (low) 2 — — μs
31 TWDT Watchdog Timer Time-out Period 
(no postscaler)
3.4 4.0 4.6 ms
32 TOST Oscillation Start-up Timer Period 1024 TOSC — 1024 TOSC — TOSC = OSC1 period
33 TPWRT Power-up Timer Period 55.6 64 75 ms 
34 TIOZ I/O High-Impedance from MCLR 
Low or Watchdog Timer Reset
— 2 — μs
35 TBOR Brown-out Reset Pulse Width 200 — — μs VDD ≤ BVDD (see D005)
36 TIRVST Time for Internal Reference 
Voltage to become Stable
— 20 50 μs
37 TLVD High/Low-Voltage Detect Pulse Width 200 — — μs VDD ≤ VHLVD
38 TCSD CPU Start-up Time — 10 — μs
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FIGURE 28-12: TIMER0 AND TIMER1 EXTERNAL CLOCK TIMINGS         
TABLE 28-13: TIMER0 AND TIMER1 EXTERNAL CLOCK REQUIREMENTS      














Symbol Characteristic Min Max Units Conditions
40 TT0H T0CKI High Pulse Width No prescaler 0.5 TCY + 20 — ns
With prescaler 10 — ns
41 TT0L T0CKI Low Pulse Width No prescaler 0.5 TCY + 20 — ns
With prescaler 10 — ns
42 TT0P T0CKI Period No prescaler TCY + 10 — ns
With prescaler Greater of:
20 ns or 
(TCY + 40)/N
— ns N = prescale
value 
(1, 2, 4,..., 256)
45 TT1H T13CKI 
High Time
Synchronous, no prescaler 0.5 TCY + 20 — ns
Synchronous,
with prescaler
PIC18FXXXX 10 — ns
PIC18LFXXXX 25 — ns VDD = 2.0V
Asynchronous PIC18FXXXX 30 — ns
PIC18LFXXXX 50 — ns VDD = 2.0V
46 TT1L T13CKI 
Low Time
Synchronous, no prescaler 0.5 TCY + 5 — ns
Synchronous, 
with prescaler
PIC18FXXXX 10 — ns
PIC18LFXXXX 25 — ns VDD = 2.0V
Asynchronous PIC18FXXXX 30 — ns
PIC18LFXXXX 50 — ns VDD = 2.0V





 (TCY + 40)/N
— ns N = prescale
value 
(1, 2, 4, 8)
Asynchronous 60 — ns
FT1 T13CKI Oscillator Input Frequency Range DC 50 kHz
48 TCKE2TMRI Delay from External T13CKI Clock Edge to 
Timer Increment
2 TOSC 7 TOSC —
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FIGURE 28-13: CAPTURE/COMPARE/PWM TIMINGS (ALL ECCP/CCP MODULES)      
TABLE 28-14: CAPTURE/COMPARE/PWM REQUIREMENTS (ALL ECCP/CCP MODULES)     







(Compare or PWM Mode)
Param 
No.
Symbol Characteristic Min Max Units Conditions
50 TCCL CCPx Input Low 
Time
No prescaler 0.5 TCY + 20 — ns
With 
prescaler
PIC18FXXXX 10 — ns
PIC18LFXXXX 20 — ns VDD = 2.0V
51 TCCH CCPx Input 
High Time
No prescaler 0.5 TCY + 20 — ns
With
prescaler
PIC18FXXXX 10 — ns
PIC18LFXXXX 20 — ns VDD = 2.0V
52 TCCP CCPx Input Period 3 TCY + 40
N
— ns N = prescale 
value (1, 4 or 16)
53 TCCR CCPx Output Fall Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
54 TCCF CCPx Output Fall Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
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FIGURE 28-14: PARALLEL SLAVE PORT TIMING (PIC18F8527/8622/8627/8722)          
TABLE 28-15: PARALLEL SLAVE PORT REQUIREMENTS (PIC18F8527/8622/8627/8722)    











Symbol Characteristic Min Max Units Conditions
62 TdtV2wrH Data In Valid before WR ↑ or CS ↑ (setup time) 20 — ns
63 TwrH2dtI WR ↑ or CS ↑ to Data–In 
Invalid (hold time) 
PIC18FXXXX 20 — ns
PIC18LFXXXX 35 — ns VDD = 2.0V
64 TrdL2dtV RD ↓ and CS ↓ to Data–Out Valid — 80 ns
65 TrdH2dtI RD ↑ or CS ↓ to Data–Out Invalid 10 30 ns
66 TibfINH Inhibit of the IBF Flag bit being Cleared from 
WR ↑ or CS ↑
— 3 TCY
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FIGURE 28-15: EXAMPLE SPI MASTER MODE TIMING (CKE = 0)       
















MSb LSbbit 6 - - - - - - 1
MSb In LSb Inbit 6 - - - - 1
Note: Refer to Figure 28-5 for load conditions.
Param 
No.
Symbol Characteristic Min Max Units Conditions
70 TSSL2SCH, 
TSSL2SCL
SSx ↓ to SCKx ↓ or SCKx ↑ Input TCY — ns
71 TSCH SCKx Input High Time 
(Slave mode)
Continuous 1.25 TCY + 30 — ns
71A Single Byte 40 — ns (Note 1)
72 TSCL SCKx Input Low Time 
(Slave mode)
Continuous 1.25 TCY + 30 — ns
72A Single Byte 40 — ns (Note 1)
73 TDIV2SCH, 
TDIV2SCL
Setup Time of SDIx Data Input to SCKx Edge 20 — ns
73A TB2B Last Clock Edge of Byte 1 to the 1st Clock Edge 
of Byte 2
1.5 TCY + 40 — ns (Note 2)
74 TSCH2DIL, 
TSCL2DIL
Hold Time of SDIx Data Input to SCKx Edge 40 — ns
75 TDOR SDOx Data Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
76 TDOF SDOx Data Output Fall Time — 25 ns
78 TSCR SCKx Output Rise Time 
(Master mode)
PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
79 TSCF SCKx Output Fall Time (Master mode) — 25 ns
80 TSCH2DOV,
TSCL2DOV
SDOx Data Output Valid after 
SCKx Edge
PIC18FXXXX — 50 ns
PIC18LFXXXX — 100 ns VDD = 2.0V
Note 1: Requires the use of Parameter #73A.
2: Only if Parameter #71A and #72A are used.
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FIGURE 28-16: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)      


















bit 6 - - - - - - 1
LSb Inbit 6 - - - - 1
LSb
Note: Refer to Figure 28-5 for load conditions.
Param. 
No.
Symbol Characteristic Min Max Units Conditions
71 TSCH SCKx Input High Time 
(Slave mode)
Continuous 1.25 TCY + 30 — ns
71A Single Byte 40 — ns (Note 1)
72 TSCL SCKx Input Low Time 
(Slave mode)
Continuous 1.25 TCY + 30 — ns
72A Single Byte 40 — ns (Note 1)
73 TDIV2SCH, 
TDIV2SCL
Setup Time of SDIx Data Input to SCKx Edge 20 — ns
73A TB2B Last Clock Edge of Byte 1 to the 1st Clock Edge 
of Byte 2
1.5 TCY + 40 — ns (Note 2)
74 TSCH2DIL, 
TSCL2DIL
Hold Time of SDIx Data Input to SCKx Edge 40 — ns
75 TDOR SDOx Data Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
76 TDOF SDOx Data Output Fall Time — 25 ns
78 TSCR SCKx Output Rise Time 
(Master mode)
PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
79 TSCF SCKx Output Fall Time (Master mode) — 25 ns
80 TSCH2DOV,
TSCL2DOV
SDOx Data Output Valid after 
SCKx Edge
PIC18FXXXX — 50 ns
PIC18LFXXXX — 100 ns VDD = 2.0V
81 TDOV2SCH,
TDOV2SCL
SDOx Data Output Setup to SCKx Edge TCY — ns
Note 1: Requires the use of Parameter #73A.
2: Only if Parameter #71A and #72A are used.
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FIGURE 28-17: EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)      
TABLE 28-18: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING, CKE = 0)     
Param 
No.
Symbol Characteristic Min Max Units Conditions
70 TSSL2SCH, 
TSSL2SCL
SSx ↓ to SCKx ↓ or SCKx ↑ Input 3 TCY — ns
71 TSCH SCKx Input High Time 
(Slave mode)
Continuous 1.25 TCY + 30 — ns
71A Single Byte 40 — ns (Note 1)
72 TSCL SCKx Input Low Time 
(Slave mode)
Continuous 1.25 TCY + 30 — ns
72A Single Byte 40 — ns (Note 1)
73 TDIV2SCH, 
TDIV2SCL
Setup Time of SDIx Data Input to SCKx Edge 20 — ns
73A TB2B Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2 1.5 TCY + 40 — ns (Note 2)
74 TSCH2DIL, 
TSCL2DIL
Hold Time of SDIx Data Input to SCKx Edge 40 — ns
75 TDOR SDOx Data Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
76 TDOF SDOx Data Output Fall Time — 25 ns
77 TSSH2DOZ SSx ↑ to SDOx Output High-Impedance 10 50 ns
78 TSCR SCKx Output Rise Time (Master mode) PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
79 TSCF SCKx Output Fall Time (Master mode) — 25 ns
80 TSCH2DOV,
TSCL2DOV
SDOx Data Output Valid after SCKx 
Edge
PIC18FXXXX — 50 ns
PIC18LFXXXX — 100 ns VDD = 2.0V
83 TSCH2SSH,
TSCL2SSH
SSx ↑ after SCKx Edge 1.5 TCY + 40 — ns
Note 1: Requires the use of Parameter #73A.

















MSb LSbbit 6 - - - - - - 1
MSb In bit 6 - - - - 1 LSb In
83
Note: Refer to Figure 28-5 for load conditions.
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FIGURE 28-18: EXAMPLE SPI SLAVE MODE TIMING (CKE = 1)      
TABLE 28-19: EXAMPLE SPI SLAVE MODE REQUIREMENTS (CKE = 1)      
Param
No.
Symbol Characteristic Min Max Units Conditions
70 TSSL2SCH, 
TSSL2SCL
SSx ↓ to SCKx ↓ or SCKx ↑ Input 3 TCY — ns
71 TSCH SCKx Input High Time 
(Slave mode)
Continuous 1.25 TCY + 30 — ns
71A Single Byte 40 — ns (Note 1)
72 TSCL SCKx Input Low Time 
(Slave mode)
Continuous 1.25 TCY + 30 — ns
72A Single Byte 40 — ns (Note 1)
73A TB2B Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2 1.5 TCY + 40 — ns (Note 2)
74 TSCH2DIL, 
TSCL2DIL
Hold Time of SDIx Data Input to SCKx Edge 40 — ns
75 TDOR SDOx Data Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
76 TDOF SDOx Data Output Fall Time — 25 ns
77 TSSH2DOZ SSx ↑ to SDOx Output High-Impedance 10 50 ns
78 TSCR SCKx Output Rise Time 
(Master mode)
PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns VDD = 2.0V
79 TSCF SCKx Output Fall Time (Master mode) — 25 ns
80 TSCH2DOV,
TSCL2DOV
SDOx Data Output Valid after SCKx 
Edge
PIC18FXXXX — 50 ns
PIC18LFXXXX — 100 ns VDD = 2.0V
82 TSSL2DOV SDOx Data Output Valid after SSx ↓ 
Edge
PIC18FXXXX — 50 ns
PIC18LFXXXX — 100 ns VDD = 2.0V
83 TSCH2SSH,
TSCL2SSH
SSx ↑ after SCKx Edge 1.5 TCY + 40 — ns
Note 1: Requires the use of Parameter #73A.














MSb bit 6 - - - - - - 1 LSb
77
MSb In bit 6 - - - - 1 LSb In
80
83
Note: Refer to Figure 28-5 for load conditions.
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FIGURE 28-19: I2C™ BUS START/STOP BITS TIMING         
TABLE 28-20: I2C™ BUS START/STOP BITS REQUIREMENTS (SLAVE MODE)  
FIGURE 28-20: I2C™ BUS DATA TIMING         













Symbol Characteristic Min Max Units Conditions
90 TSU:STA Start Condition 100 kHz mode 4700 — ns Only relevant for Repeated 
Start conditionSetup Time 400 kHz mode 600 —
91 THD:STA Start Condition 100 kHz mode 4000 — ns After this period, the first 
clock pulse is generatedHold Time 400 kHz mode 600 —
92 TSU:STO Stop Condition 100 kHz mode 4700 — ns
Setup Time 400 kHz mode 600 —
93 THD:STO Stop Condition 100 kHz mode 4000 — ns
Hold Time 400 kHz mode 600 —
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TABLE 28-21: I2C™ BUS DATA REQUIREMENTS (SLAVE MODE)    
Param. 
No.
Symbol Characteristic Min Max Units Conditions
100 THIGH Clock High Time   100 kHz mode 4.0 — μs PIC18FXXXX must operate at 
a minimum of 1.5 MHz
400 kHz mode 0.6 — μs PIC18FXXXX must operate at 
a minimum of 10 MHz
SSP Module 1.5 TCY —
101 TLOW Clock Low Time 100 kHz mode 4.7 — μs PIC18FXXXX must operate at 
a minimum of 1.5 MHz
400 kHz mode 1.3 — μs PIC18FXXXX must operate at 
a minimum of 10 MHz
SSP Module 1.5 TCY —
102 TR SDAx and SCLx Rise Time 100 kHz mode — 1000 ns
400 kHz mode 20 + 0.1 CB 300 ns CB is specified to be from 
10 to 400 pF 
103 TF SDAx and SCLx Fall Time 100 kHz mode — 300 ns
400 kHz mode 20 + 0.1 CB 300 ns CB is specified to be from 
10 to 400 pF 
90 TSU:STA Start Condition Setup Time 100 kHz mode 4.7 — μs Only relevant for Repeated 
Start condition400 kHz mode 0.6 — μs
91 THD:STA Start Condition Hold Time 100 kHz mode 4.0 — μs After this period, the first clock 
pulse is generated400 kHz mode 0.6 — μs
106 THD:DAT Data Input Hold Time 100 kHz mode 0 — ns
400 kHz mode 0 0.9 μs
107 TSU:DAT Data Input Setup Time 100 kHz mode 250 — ns (Note 2)
400 kHz mode 100 — ns
92 TSU:STO Stop Condition Setup Time 100 kHz mode 4.7 — μs
400 kHz mode 0.6 — μs
109 TAA Output Valid from Clock 100 kHz mode — 3500 ns (Note 1)
400 kHz mode — — ns
110 TBUF Bus Free Time 100 kHz mode 4.7 — μs Time the bus must be free 
before a new transmission can 
start
400 kHz mode 1.3 — μs
D102 CB Bus Capacitive Loading —  400 pF 
Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) 
of the falling edge of SCLx to avoid unintended generation of Start or Stop conditions.
2: A Fast mode I2C™ bus device can be used in a Standard mode I2C bus system, but the requirement, TSU:DAT ≥ 250 ns, 
must then be met. This will automatically be the case if the device does not stretch the LOW period of the SCLx signal. 
If such a device does stretch the LOW period of the SCLx signal, it must output the next data bit to the SDAx line,
TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the Standard mode I2C bus specification), before the SCLx 
line is released. 
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FIGURE 28-21: MASTER SSP I2C™ BUS START/STOP BITS TIMING WAVEFORMS      
TABLE 28-22: MASTER SSP I2C™ BUS START/STOP BITS REQUIREMENTS      
FIGURE 28-22: MASTER SSP I2C™ BUS DATA TIMING      











Symbol Characteristic Min Max Units Conditions
90 TSU:STA Start Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns Only relevant for 
Repeated Start 
condition
Setup Time 400 kHz mode 2(TOSC)(BRG + 1) —
1 MHz mode(1) 2(TOSC)(BRG + 1) —
91 THD:STA Start Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns After this period, the 
first clock pulse is 
generated
Hold Time 400 kHz mode 2(TOSC)(BRG + 1) —
1 MHz mode(1) 2(TOSC)(BRG + 1) —
92 TSU:STO Stop Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns
Setup Time 400 kHz mode 2(TOSC)(BRG + 1) —
1 MHz mode(1) 2(TOSC)(BRG + 1) —
93 THD:STO Stop Condition 100 kHz mode 2(TOSC)(BRG + 1) — ns
Hold Time 400 kHz mode 2(TOSC)(BRG + 1) —
1 MHz mode(1) 2(TOSC)(BRG + 1) —
Note 1: Maximum pin capacitance = 10 pF for all I2C™ pins.
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TABLE 28-23: MASTER SSP I2C™ BUS DATA REQUIREMENTS       
Param.
No.
Symbol Characteristic Min Max Units Conditions
100 THIGH Clock High Time 100 kHz mode 2(TOSC)(BRG + 1) — ms
400 kHz mode 2(TOSC)(BRG + 1) — ms
1 MHz mode(1) 2(TOSC)(BRG + 1) — ms
101 TLOW Clock Low Time 100 kHz mode 2(TOSC)(BRG + 1) — ms
400 kHz mode 2(TOSC)(BRG + 1) — ms
1 MHz mode(1) 2(TOSC)(BRG + 1) — ms
102 TR SDAx and SCLx 
Rise Time
100 kHz mode — 1000 ns CB is specified to be from 
10 to 400 pF 400 kHz mode 20 + 0.1 CB 300 ns
1 MHz mode(1) — 300 ns
103 TF SDAx and SCLx 
Fall Time
100 kHz mode — 300 ns CB is specified to be from 
10 to 400 pF 400 kHz mode 20 + 0.1 CB 300 ns
1 MHz mode(1) — 100 ns
90 TSU:STA Start Condition 
Setup Time
100 kHz mode 2(TOSC)(BRG + 1) — ms Only relevant for 
Repeated Start 
condition
400 kHz mode 2(TOSC)(BRG + 1) — ms
1 MHz mode(1) 2(TOSC)(BRG + 1) — ms
91 THD:STA Start Condition 
Hold Time 
100 kHz mode 2(TOSC)(BRG + 1) — ms After this period, the first 
clock pulse is generated400 kHz mode 2(TOSC)(BRG + 1) — ms
1 MHz mode(1) 2(TOSC)(BRG + 1) — ms
106 THD:DAT Data Input 
Hold Time
100 kHz mode 0 — ns
400 kHz mode 0 0.9 ms
1 MHz mode(1) TBD — ns
107 TSU:DAT Data Input 
Setup Time
100 kHz mode 250 — ns (Note 2)
400 kHz mode 100 — ns
1 MHz mode(1) TBD — ns
92 TSU:STO Stop Condition 
Setup Time
100 kHz mode 2(TOSC)(BRG + 1) — ms
400 kHz mode 2(TOSC)(BRG + 1) — ms
1 MHz mode(1) 2(TOSC)(BRG + 1) — ms
109 TAA Output Valid 
from Clock
100 kHz mode — 3500 ns
400 kHz mode — 1000 ns
1 MHz mode(1) — — ns
110 TBUF Bus Free Time 100 kHz mode 4.7 — ms Time the bus must be free 
before a new transmission 
can start
400 kHz mode 1.3 — ms
1 MHz mode(1) TBD — ms
D102 CB Bus Capacitive Loading —  400 pF 
Legend: TBD = To Be Determined
Note 1: Maximum pin capacitance = 10 pF for all I2C™ pins. 
2: A Fast mode I2C bus device can be used in a Standard mode I2C bus system, but parameter #107 ≥ 250 ns 
must then be met. This will automatically be the case if the device does not stretch the LOW period of the 
SCLx signal. If such a device does stretch the LOW period of the SCLx signal, it must output the next data 
bit to the SDAx line, parameter #102 + parameter #107 = 1000 + 250 = 1250 ns (for 100 kHz mode,) before 
the SCLx line is released.
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FIGURE 28-23: EUSART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING       
TABLE 28-24: EUSART SYNCHRONOUS TRANSMISSION REQUIREMENTS    
FIGURE 28-24: EUSART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING        








Note: Refer to Figure 28-5 for load conditions.
Param 
No.
Symbol Characteristic Min Max Units Conditions
120 TCKH2DTV SYNC XMIT (MASTER and SLAVE)
Clock High to Data Out Valid PIC18FXXXX — 40 ns
PIC18LFXXXX — 100 ns VDD = 2.0V
121 TCKRF Clock Out Rise Time and Fall Time 
(Master mode)
PIC18FXXXX — 20 ns
PIC18LFXXXX — 50 ns VDD = 2.0V
122 TDTRF Data Out Rise Time and Fall Time PIC18FXXXX — 20 ns







Note: Refer to Figure 28-5 for load conditions.
Param. 
No.
Symbol Characteristic Min Max Units Conditions
125 TDTV2CKL SYNC RCV (MASTER and SLAVE)
Data Hold before CKx ↓ (DTx hold time) 10 — ns
126 TCKL2DTL Data Hold after CKx ↓ (DTx hold time) 15 — ns
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TABLE 28-26: A/D CONVERTER CHARACTERISTICS: PIC18F6X27/6X22/8X27/8X22 (INDUSTRIAL)
PIC18LF6X27/6X22/8X27/8X22 (INDUSTRIAL) 
FIGURE 28-25: A/D CONVERSION TIMING   
Param 
No.
Symbol Characteristic Min Typ Max Units Conditions
A01 NR Resolution — — 10 bit ΔVREF ≥ 3.0V 
A03 EIL Integral Linearity Error — — <±1 LSb ΔVREF ≥ 3.0V 
A04 EDL Differential Linearity Error — — <±1 LSb ΔVREF ≥ 3.0V 
A06 EOFF Offset Error — — <±2 LSb ΔVREF ≥ 3.0V 
A07 EGN Gain Error — — <±1 LSb ΔVREF ≥ 3.0V 
A10 — Monotonicity Guaranteed(1) — VSS ≤ VAIN ≤ VREF












A21 VREFH Reference Voltage High VSS — VREFH V
A22 VREFL Reference Voltage Low VSS – 0.3V — VDD – 3.0V V
A25 VAIN Analog Input Voltage VREFL — VREFH V
A30 ZAIN Recommended Impedance of 
Analog Voltage Source
— — 2.5 kΩ
A40 IAD A/D Current 
from VDD
PIC18FXXXX — 180 — μA Average current during 
conversionPIC18LFXXXX — 90 — μA









During A/D conversion 
cycle.
Note 1: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
2: VREFH current is from RA3/AN3/VREF+ pin or VDD, whichever is selected as the VREFH source.

















9 8 7 2 1 0
Note 1: If the A/D clock source is selected as RC, a time of TCY is added before the A/D clock starts. 
This allows the SLEEP instruction to be executed. 
2: This is a minimal RC delay (typically 100 ns), which also disconnects the holding capacitor from the analog input.
. . . . . .
TCY
© 2008 Microchip Technology Inc. DS39646C-page 417
PIC18F8722 FAMILY
TABLE 28-27: A/D CONVERSION REQUIREMENTS         
Param 
No.
Symbol Characteristic Min Max Units Conditions
130 TAD A/D Clock Period PIC18FXXXX 0.7 25.0(1) μs TOSC based, VREF ≥ 3.0V
PIC18LFXXXX 1.4 25.0(1) μs VDD = 2.0V;
TOSC based, VREF full range
PIC18FXXXX — 1 μs A/D RC mode
PIC18LFXXXX — 3 μs VDD = 2.0V; A/D RC mode
131 TCNV Conversion Time 
(not including acquisition time) (Note 2)
11 12 TAD
132 TACQ Acquisition Time (Note 3) 1.4 — μs -40°C to +85°C
135 TSWC Switching Time from Convert → Sample — (Note 4)
137 TDIS Discharge Time 0.2 — μs
Legend: TBD = To Be Determined
Note 1: The time of the A/D clock period is dependent on the device frequency and the TAD clock divider. 
2: ADRES register may be read on the following TCY cycle.
3: The time for the holding capacitor to acquire the “New” input voltage when the voltage changes full scale 
after the conversion (VDD to VSS or VSS to VDD). The source impedance (RS) on the input channels is 50Ω.
4: On the following cycle of the device clock. 
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29.0 PACKAGING INFORMATION


















Legend: XX...X Product-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
WW Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
  Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (     )
can be found on the outer packaging for this package.
Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
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29.2 Package Details     
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APPENDIX A: REVISION HISTORY
Revision A (September 2004)
Original data sheet for the PIC18F8722 family of
devices.
Revision B (December 2004)
This revision includes updates to the Electrical Specifica-
tions in Section 28.0 “Electrical Characteristics”,
minor corrections to the data sheet text and information
to support the following devices has been added:
Revision C (October 2008)
Updated some specifications in Section 28.0 “Electrical
Characteristics”, package and land pattern illustrations
in Section 29.0 “Packaging Information” and the
format of all register tables.
APPENDIX B: DEVICE 
DIFFERENCES
The differences between the devices listed in this data
sheet are shown in Table B-1.
TABLE B-1: DEVICE DIFFERENCES (PIC18F6527/6622/6627/6722)          
TABLE B-2: DEVICE DIFFERENCES (PIC18F8527/8622/8627/8722)
• PIC18F6527 • PIC18LF6527
• PIC18F6622 • PIC18LF6622
• PIC18F8527 • PIC18LF8527
• PIC18F8622 • PIC18LF8622
Features PIC18F6527 PIC18F6622 PIC18F6627 PIC18F6722
Program Memory (Bytes) 48K 64K 96K 128K
Program Memory (Instructions) 24576 32768 49152 65536
Interrupt Sources 28 28 28 28
I/O Ports Ports A, B, C, D, E, 
F, G
Ports A, B, C, D, E, 
F, G
Ports A, B, C, D, E, 
F, G
Ports A, B, C, D, E, 
F, G
Capture/Compare/PWM Modules 2 2 2 2
Enhanced 
Capture/Compare/PWM Modules
3 3 3 3
Parallel Communications (PSP) Yes Yes Yes Yes
External Memory Bus No No No No
10-bit Analog-to-Digital Module 12 input channels 12 input channels 12 input channels 12 input channels
Packages 64-pin TQFP 64-pin TQFP 64-pin TQFP 64-pin TQFP
Features PIC18F8527 PIC18F8622 PIC18F8627 PIC18F8722
Program Memory (Bytes) 48K 64K 96K 128K
Program Memory (Instructions) 24576 32768 49152 65536
Interrupt Sources 29 29 29 29
I/O Ports Ports A, B, C, D, E, 
F, G, H, J
Ports A, B, C, D, E, 
F, G, H, J
Ports A, B, C, D, E, 
F, G, H, J
Ports A, B, C, D, E, 
F, G, H, J
Capture/Compare/PWM Modules 2 2 2 2
Enhanced 
Capture/Compare/PWM Modules
3 3 3 3
Parallel Communications (PSP) Yes Yes Yes Yes
External Memory Bus Yes Yes Yes Yes
10-bit Analog-to-Digital Module 16 input channels 16 input channels 16 input channels 16 input channels
Packages 80-pin TQFP 80-pin TQFP 80-pin TQFP 80-pin TQFP
PIC18F8722 FAMILY
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APPENDIX C: CONVERSION 
CONSIDERATIONS
This appendix discusses the considerations for
converting from previous versions of a device to the
ones listed in this data sheet. Typically, these changes
are due to the differences in the process technology
used. An example of this type of conversion is from a
PIC16C74A to a PIC16C74B.
Not Applicable
APPENDIX D: MIGRATION FROM 
BASELINE TO 
ENHANCED DEVICES
This section discusses how to migrate from a Baseline
device (i.e., PIC16C5X) to an Enhanced MCU device
(i.e., PIC18FXXX).
The following are the list of modifications over the
PIC16C5X microcontroller family:
Not Currently Available
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APPENDIX E: MIGRATION FROM 
MID-RANGE TO 
ENHANCED DEVICES
A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18C442”. The changes discussed, while device
specific, are generally applicable to all mid-range to
enhanced device migrations.
This Application Note is available on our web site,
www.microchip.com, as Literature Number DS00716.
APPENDIX F: MIGRATION FROM 
HIGH-END TO 
ENHANCED DEVICES
A detailed discussion of the migration pathway and
differences between the high-end MCU devices (i.e.,
PIC17CXXX) and the enhanced devices (i.e.,
PIC18FXXX) is provided in AN726, “PIC17CXXX to
PIC18CXXX Migration”. 
This Application Note is available on our web site,
www.microchip.com, as Literature Number DS00726.
PIC18F8722 FAMILY
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A/D Converter Interrupt, Configuring ....................... 275
Acquisition Requirements ........................................ 276
ADCON0 Register .................................................... 271
ADCON1 Register .................................................... 271
ADCON2 Register .................................................... 271
ADRESH Register ............................................ 271, 274
ADRESL Register .................................................... 271
Analog Port Pins ...................................................... 158
Analog Port Pins, Configuring .................................. 278
Associated Registers ............................................... 280
Configuring the Module ............................................ 275
Conversion Clock (TAD) ........................................... 277
Conversion Status (GO/DONE Bit) .......................... 274
Conversions ............................................................. 279
Converter Characteristics ........................................ 416
Discharge ................................................................. 279
Operation in Power-Managed Modes ...................... 278
Selecting and Configuring Acquisition Time ............ 277
Special Event Trigger (ECCP) ................................. 192
Special Event Trigger (ECCP2) ............................... 280
Use of the ECCP2 Trigger ....................................... 280
Absolute Maximum Ratings ............................................. 375
AC (Timing) Characteristics ............................................. 396
Load Conditions for Device 
Timing Specifications ....................................... 397
Parameter Symbology ............................................. 396
Temperature and Voltage Specifications ................. 397
Timing Conditions .................................................... 397
Access Bank
Mapping in Indexed Literal Offset Mode .................... 85
ACKSTAT ........................................................................ 236
ACKSTAT Status Flag ..................................................... 236
ADCON0 Register ............................................................ 271
GO/DONE Bit ........................................................... 274
ADCON1 Register ............................................................ 271






ADRESH Register ............................................................ 271
ADRESL Register .................................................... 271, 274




MPASM Assembler .................................................. 372
Auto-Wake-up on Sync Break Character ......................... 262
B
Bank Select Register (BSR) ............................................... 72




BF Status Flag ................................................................. 236
Block Diagrams
16-Bit Byte Select Mode .......................................... 103
16-Bit Byte Write Mode ............................................ 101
16-Bit Word Write Mode ........................................... 102
A/D ........................................................................... 274
Analog Input Model .................................................. 275
Baud Rate Generator .............................................. 232
Capture Mode Operation ......................................... 181
Comparator Analog Input Model .............................. 285
Comparator I/O Operating Modes ........................... 282
Comparator Output .................................................. 284
Comparator Voltage Reference ............................... 288
Comparator Voltage Reference Output 
Buffer Example ................................................ 289
Compare Mode Operation ....................................... 182
Device Clock .............................................................. 37
Enhanced PWM ....................................................... 193
EUSART Receive .................................................... 260
EUSART Transmit ................................................... 258
External Power-on Reset Circuit 
(Slow VDD Power-up) ........................................ 51
Fail-Safe Clock Monitor (FSCM) .............................. 315
Generic I/O Port Operation ...................................... 135
High/Low-Voltage Detect with External Input .......... 292
HSPLL ....................................................................... 33
Interrupt Logic .......................................................... 120
INTOSC and PLL ....................................................... 34
MSSP (I2C Master Mode) ........................................ 230
MSSP (I2C Mode) .................................................... 215
MSSP (SPI Mode) ................................................... 205
On-Chip Reset Circuit ................................................ 49
PIC18F6527/6622/6627/6722 ................................... 11
PIC18F8527/8622/8627/8722 ................................... 12
PORTD and PORTE (Parallel Slave Port) ............... 158
PWM Operation (Simplified) .................................... 184
Reads from Flash Program Memory ......................... 91
Single Comparator ................................................... 283
Table Read Operation ............................................... 87
Table Write Operation ............................................... 88
Table Writes to Flash Program Memory .................... 93
Timer0 in 16-Bit Mode ............................................. 162
Timer0 in 8-Bit Mode ............................................... 162
Timer1 ..................................................................... 166
Timer1 (16-Bit Read/Write Mode) ............................ 166
Timer2 ..................................................................... 172
Timer3 ..................................................................... 174
Timer3 (16-Bit Read/Write Mode) ............................ 174
Timer4 ..................................................................... 178






BOR. See Brown-out Reset.
BOV ................................................................................. 335
BRA ................................................................................. 333
Break Character (12-Bit) Transmit and Receive .............. 263
BRG. See Baud Rate Generator.
Brown-out Reset (BOR) ..................................................... 52
Detecting ................................................................... 52
Disabling in Sleep Mode ............................................ 52
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C Compilers
MPLAB C18 ............................................................. 372
MPLAB C30 ............................................................. 372
CALL ................................................................................ 336
CALLW ............................................................................. 365
Capture (CCP Module) ..................................................... 181
Associated Registers ............................................... 183
CCPRxH:CCPRxL Registers ................................... 181
CCPx Pin Configuration ........................................... 181
Prescaler .................................................................. 181
Software Interrupt .................................................... 181
Timer1/Timer3 Mode Selection ................................ 181
Capture (ECCP Module) .................................................. 192
Capture/Compare/PWM (CCP) ........................................ 179
Capture Mode. See Capture.
CCP Mode and Timer Resources ............................ 180
CCPRxH Register .................................................... 180
CCPRxL Register ..................................................... 180
Compare Mode. See Compare.
Interconnect Configurations ..................................... 180
Module Configuration ............................................... 180
Clock Sources .................................................................... 37
Selecting the 31 kHz Source ...................................... 38




16 x 16 Signed Multiply Routine .............................. 118
16 x 16 Unsigned Multiply Routine .......................... 118
8 x 8 Signed Multiply Routine .................................. 117
8 x 8 Unsigned Multiply Routine .............................. 117
Changing Between Capture Prescalers ................... 181
Computed GOTO Using an Offset Value ................... 68
Data EEPROM Read ............................................... 113
Data EEPROM Refresh Routine .............................. 114
Data EEPROM Write ............................................... 113
Erasing a Flash Program Memory Row ..................... 92
Fast Register Stack .................................................... 68
How to Clear RAM (Bank 1) Using 
Indirect Addressing ............................................ 81
Implementing a Real-Time Clock 
Using a Timer1 Interrupt Service ..................... 169
Initializing PORTA .................................................... 135
Initializing PORTB .................................................... 137
Initializing PORTC .................................................... 140
Initializing PORTD .................................................... 143
Initializing PORTE .................................................... 146
Initializing PORTF .................................................... 149
Initializing PORTG ................................................... 151
Initializing PORTH .................................................... 154
Initializing PORTJ .................................................... 156
Loading the SSP1BUF (SSP1SR) Register ............. 208
Reading a Flash Program Memory Word .................. 91
Saving STATUS, WREG and BSR 
Registers in RAM ............................................. 134
Writing to Flash Program Memory ....................... 94–95
Code Protection ............................................................... 297
COMF ............................................................................... 338
Comparator ...................................................................... 281
Analog Input Connection Considerations ................. 285
Associated Registers ............................................... 285
Configuration ............................................................ 282
Effects of a Reset ..................................................... 284
Interrupts .................................................................. 284
Operation ................................................................. 283
Operation During Sleep ........................................... 284
Outputs .................................................................... 283
Reference ................................................................ 283
External Signal ................................................ 283
Internal Signal .................................................. 283
Response Time ........................................................ 283
Comparator Specifications ............................................... 394
Comparator Voltage Reference ....................................... 287
Accuracy and Error .................................................. 288
Associated Registers ............................................... 289
Configuring .............................................................. 287
Connection Considerations ...................................... 288
Effects of a Reset .................................................... 288
Operation During Sleep ........................................... 288
Comparator Voltage Reference Specifications ................ 394
Compare (CCP Module) .................................................. 182
Associated Registers ............................................... 183
CCPRx Registers ..................................................... 182
Pin Configuration ..................................................... 182
Software Interrupt .................................................... 182
Special Event Trigger .............................................. 182
Timer1/Timer3 Mode Selection ................................ 182
Compare (CCP Modules)
Special Event Trigger .............................................. 175
Compare (ECCP Module) ................................................ 192
Special Event Trigger .............................................. 192
Compare (ECCP2 Module)
Special Event Trigger .............................................. 280
Computed GOTO ............................................................... 68
Configuration Bits ............................................................ 297
Configuration Register Protection .................................... 320
Context Saving During Interrupts ..................................... 134




Crystal Oscillator/Ceramic Resonator ................................ 31
Customer Change Notification Service ............................ 439
Customer Notification Service ......................................... 439
Customer Support ............................................................ 439
D
Data Addressing Modes .................................................... 81
Comparing Addressing Modes with the 
Extended Instruction Set Enabled ..................... 84
Direct ......................................................................... 81
Indexed Literal Offset ................................................ 83
Instructions Affected .......................................... 83
Indirect ....................................................................... 81
Inherent and Literal .................................................... 81
Data EEPROM
Code Protection ....................................................... 320
Data EEPROM Memory ................................................... 111
Associated Registers ............................................... 115
EEADR and EEADRH Registers ............................. 111
EECON1 and EECON2 Registers ........................... 111
Operation During Code-Protect ............................... 114
Protection Against Spurious Write ........................... 114
Reading ................................................................... 113
Using ....................................................................... 114
Write Verify .............................................................. 113
Writing ..................................................................... 113
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Data Memory ..................................................................... 72
Access Bank .............................................................. 74
and the Extended Instruction Set ............................... 83
Bank Select Register (BSR) ....................................... 72
General Purpose Registers ........................................ 74
Map for PIC18F8722 Family ...................................... 73
Special Function Registers ........................................ 75
DAW ................................................................................. 340
DC Characteristics ........................................................... 391
Power-Down and Supply Current ............................ 379




Development Support ...................................................... 371
Device Differences ........................................................... 425
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Details on Individual Family Members ......................... 9
Features (table) ...................................................... 9, 10
New Core Features ...................................................... 7
Device Reset Timers .......................................................... 53
Oscillator Start-up Timer (OST) ................................. 53
PLL Lock Time-out ..................................................... 53
Power-up Timer (PWRT) ........................................... 53
Time-out Sequence .................................................... 53
Direct Addressing ............................................................... 82
E
ECCP
Capture and Compare Modes .................................. 192
Standard PWM Mode ............................................... 192
Effect on Standard PIC MCU Instructions ........................ 368
Effects of Power-Managed Modes on Various 
Clock Sources ............................................................ 40
Electrical Characteristics .................................................. 375
Enhanced Capture/Compare/PWM (ECCP) .................... 187
and Program Memory Modes .................................. 188
Capture Mode. See Capture (ECCP Module).
Outputs and Configuration ....................................... 188
Pin Configurations for ECCP1 ................................. 189
Pin Configurations for ECCP2 ................................. 190
Pin Configurations for ECCP3 ................................. 191
PWM Mode. See PWM (ECCP Module).
Timer Resources ...................................................... 192
Enhanced PWM Mode. See PWM (ECCP Module). 
Enhanced Universal Synchronous Asynchronous 
Receiver Transmitter (EUSART). See EUSART.
Equations
A/D Acquisition Time ................................................ 276
A/D Minimum Charging Time ................................... 276
A/D, Calculating the Minimum Required 
Acquisition Time .............................................. 276
Errata ................................................................................... 5
EUSART
Asynchronous Mode ................................................ 257
12-Bit Break Transmit and Receive ................. 263
Associated Registers, Receive ........................ 261
Associated Registers, Transmit ....................... 259
Auto-Wake-up on Sync Break ......................... 262
Receiver ........................................................... 260
Setting up 9-Bit Mode with 
Address Detect ........................................ 260
Transmitter ....................................................... 257
Baud Rate Generator
Operation in Power-Managed Modes .............. 251
Baud Rate Generator (BRG) ................................... 251
Associated Registers ....................................... 252
Auto-Baud Rate Detect .................................... 255
Baud Rate Error, Calculating ........................... 252
Baud Rates, Asynchronous Modes ................. 253
High Baud Rate Select (BRGH Bit) ................. 251
Sampling ......................................................... 251
Synchronous Master Mode ...................................... 264
Associated Registers, Receive ........................ 267
Associated Registers, Transmit ....................... 265
Reception ........................................................ 266
Transmission ................................................... 264
Synchronous Slave Mode ........................................ 268
Associated Registers, Receive ........................ 269












Extended Microcontroller Mode ....................................... 100
External Clock Input ........................................................... 32
External Memory Bus ........................................................ 97
16-Bit Byte Select Mode .......................................... 103
16-Bit Byte Write Mode ............................................ 101
16-Bit Data Width Modes ......................................... 100
16-Bit Mode Timing ................................................. 104
16-Bit Word Write Mode .......................................... 102
8-Bit Data Width Modes ........................................... 106
8-Bit Mode Timing ................................................... 107
I/O Port Functions ...................................................... 97
Operation in Power-Managed Modes ...................... 109
F
Fail-Safe Clock Monitor ........................................... 297, 315
Exiting Operation ..................................................... 315
Interrupts in Power-Managed Modes ...................... 316
POR or Wake from Sleep ........................................ 316
WDT During Oscillator Failure ................................. 315
Fast Register Stack ........................................................... 68
Firmware Instructions ...................................................... 321
Flash Program Memory ..................................................... 87
Associated Registers ................................................. 95
Control Registers ....................................................... 88
EECON1 and EECON2 ..................................... 88
TABLAT (Table Latch) Register ........................ 90
TBLPTR (Table Pointer) Register ...................... 90
Erase Sequence ........................................................ 92
Erasing ...................................................................... 92
Operation During Code-Protect ................................. 95
Reading ..................................................................... 91
Table Pointer
Boundaries Based on Operation ....................... 90
Table Pointer Boundaries .......................................... 90
Table Reads and Table Writes .................................. 87
Write Sequence ......................................................... 93
Writing To .................................................................. 93
Protection Against Spurious Writes ................... 95
Unexpected Termination ................................... 95
Write Verify ........................................................ 95
FSCM. See Fail-Safe Clock Monitor.
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Read/Write Bit Information (R/W Bit) ............... 219, 220
Registers .................................................................. 215
Serial Clock (RC3/SCKx/SCLx) ............................... 220
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In-Circuit Serial Programming (ICSP) ...................... 297, 320
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A/D Conversion Complete ....................................... 275
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INTOSC, INTRC. See Internal Oscillator Block.
IORLW ............................................................................. 344
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Key Features
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External Memory Interface ........................................... 8
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LFSR ............................................................................... 345
Low-Voltage ICSP Programming. See Single-Supply 
ICSP Programming
M
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Master Synchronous Serial Port (MSSP). See MSSP.
Memory
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POP ................................................................................. 350
POR. See Power-on Reset.
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SETF ................................................................................ 355
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THE MICROCHIP WEB SITE
Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following informa-
tion:
• Product Support – Data sheets and errata, appli-
cation notes and sample programs, design 
resources, user’s guides and hardware support 
documents, latest software releases and archived 
software
• General Technical Support – Frequently Asked 
Questions (FAQ), technical support requests, 
online discussion groups, Microchip consultant 
program member listing
• Business of Microchip – Product selector and 
ordering guides, latest Microchip press releases, 
listing of seminars and events, listings of Micro-
chip sales offices, distributors and factory repre-
sentatives
CUSTOMER CHANGE NOTIFICATION 
SERVICE
Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a spec-
ified product family or development tool of interest.
To register, access the Microchip web site at
www.microchip.com, click on Customer Change Notifi-
cation and follow the registration instructions.
CUSTOMER SUPPORT
Users of Microchip products can receive assistance
through several channels:
• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support
• Development Systems Information Line
Customers should contact their distributor, representa-
tive or field application engineer (FAE) for support.
Local sales offices are also available to help custom-
ers. A listing of sales offices and locations is included in
the back of this document.
Technical support is available through the web site
at: http://support.microchip.com
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READER RESPONSE
It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct.  If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.
Please list the following information, and use this outline to provide us with your comments about this document.
To: Technical Publications Manager
RE: Reader Response




City / State / ZIP / Country
Telephone: (_______) _________ - _________
Application (optional):
Would you like a reply?       Y         N
Device: Literature Number: 
Questions:
FAX: (______) _________ - _________
DS39646CPIC18F8722 Family
1. What are the best features of this document?
2. How does this document meet your hardware and software development needs?
3. Do you find the organization of this document easy to follow? If not, why?
4. What additions to the document do you think would enhance the structure and subject?
5. What deletions from the document could be made without affecting the overall usefulness?
6. Is there any incorrect or misleading information (what and where)?
7. How would you improve this document?
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PIC18F8722 FAMILY PRODUCT IDENTIFICATION SYSTEM
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Device PIC18F6527/6622/6627/6722(1), PIC18F8527/8622/8627/8722(1), 
PIC18F6527/6622/6627/6722T(2), PIC18F8527/8622/8627/8722T(2);
    VDD range 4.2V to 5.5V
PIC18LF6627/6722(1), PIC18LF8627/8722(1), 
PIC18LF6627/6722T(2), PIC18LF8627/8722T(2);
    VDD range 2.0V to 5.5V
Temperature 
Range
I =  -40°C to +85°C (Industrial)
E =  -40°C to +125°C (Extended)
Package PT = TQFP (Thin Quad Flatpack)
Pattern QTP, SQTP, Code or Special Requirements 
(blank otherwise)
Examples:
a) PIC18LF6622-I/PT 301 = Industrial temp., 
TQFP package, Extended VDD 
limits, QTP pattern #301.
b) PIC18LF6722-E/PT = Extended temp., 
TQFP package, standard VDD limits.
Note 1: F = Standard Voltage Range
LF = Wide Voltage Range
2: T = in tape and reel TQFP
packages only.
DS39646C-page 444  © 2008 Microchip Technology Inc.
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    DENSEI-LAMBDA
  PSS1R5-48-*  
SPECIFICATIONS
C183-01-01B
MODEL   
ITEMS
1  Nominal Output Voltage V
2  Maximum Output Current A
3  Maximum Output Power W
4  Efficiency (Typ.) (*1) %
5  Input Voltage Range -
6  Input Current (Typ.) (*1) A
7  Output Voltage Accuracy (*1) %
8  Output Voltage Range (Typ.) V
9  Maximum Ripple & Noise (*2) mV
10  Maximum Line Regulation (*3) mV
11  Maximum Load Regulation (*4) mV
12  Over Current Protection (*5) -
13  Over Voltage Protection -
14  Parallel Operation       -
15  Series Operation -
16  Operating Temperature (*6) -
17  Operating Humidity -
18  Storage Temperature -
19  Storage Humidity -
20  Cooling -
21  Temperature Coefficient (%) -
22  Withstand Voltage -
23  Isolation Resistance -
24  Vibration -
25  Shock -
26  Weight (Typ.) g
27  Size (WxHxD) mm
 = NOTES =
 *1. At 48VDC and maximum output power and Ta=+25°C.
 *2. This is specified at the output terminals by JEITA RC-9141 measuring method.
 *3. From 36.0 ~ 76.0VDC, constant load.
 *4. From No load - Full load, constant input voltage.
 *5. Constant current limiting with automatic recovery.
 Avoid to operate over load or dead short for longer than 30 sec.
 (Refer to instruction manual for details.)
 *6. Rating - Refer to derating curve (C183-01-02_).
























20.0 x 8.0 x 16.0 (Refer to Outline Drawing)
Less than 0.02%/°C
At No Operating, 10-55Hz Amplitude (Sweep for 1min.)
Input-Output, Input-Case : 500VAC for 1min (20mA)
Output-Case : 500VDC
More than 100MW at 25°C and 70%RH
1.52mm Constant (Maximum 88.3m/s2)   X,Y,Z 2 hour each
20
40
-40°C ~ 85°C 
-40°C ~ 85°C 
No
Yes
Convection Cooling / Forced air cooling
Possible
5% - 95%RH (No Dewdrop)
5% - 95%RH (No Dewdrop)
    DENSEI-LAMBDA








   *1. Put input capacitors. 
               C1: 2.2uF
   *2. Put output capacitors. 
               C2: 1uF ceramic capacitor.


































output ripple & noise
(JEITA RC-9141 probe)
Bandwidth of scope : 100MHz
L=50mm
2.2uF
Your Power Solutions Partner
>  DC-DC converter support small to medium 24Vdc loads from a 48Vdc 
power system
> High power density modular design, up to 2kW output per module
> Advanced monitoring and control capability including remote accessibility
>  Internal low voltage shutdown for cost effective integration into existing 
systems
CXDF 48-24/2kW
Cordex™ Series DC-DC Converters
Cordex DC-DC converters bring advanced technology to the DC power industry. Innovative engineering combines the 
best in efficiency and reliability meeting a wide array of power requirements. The converter system is a perfect solution for 
providing 24Vdc output from a standard 48Vdc power system for a variety of dual-voltage system applications including 
powering of wireless radios.
The fan-cooled CXDF 48-24/2.0kW converter has extremely high density, providing the most power in the least amount 
of space. Each 19" shelf can accommodate up to 4 compact 2RU modules. The converter system can be controlled and 
monitored by a central Cordex CXC controller and optionally via a shelf integrated CXCI controller solution for stand alone 
operation. 
Local and remote setup, adjustment and control is a simple single-step process with the Cordex CXC system controller.  
By utilizing TCP/IP technology, complete configuration and monitoring of power equipment is possible through a network 
web browser.
CXDF 48-24/2kW Converter Module
Canada: Burnaby, British Columbia   Tel: 604 436 5900   Fax: 604 436 1233
United States: Bellingham, Washington   Tel: 360 647 2360   Fax: 360 671 4936
Alpha Technologies reserves the right to make changes to the products and information contained in this document without notice. 
Copyright © 2010 Alpha Technologies. All Rights Reserved. Alpha® is a registered trademark of Alpha Technologies.  
member of The Alpha Group™ is a trademark of Alpha Technologies.
Alpha Technologies Ltd.  For more information visit www.alpha.ca
member of The            Group™
#0480002-00 Rev B  (10/2011)




mm:..................................84H x 100W x 235D
in:.....................................3.3H x 3.94W x 9.25D
Weight:...............................2.8kg (6.2lbs)
Environmental
Temperature: .....................-40 to 55°C (de-rated power up to 75°C)
Humidity: ...........................0 to 95% NC 
Shelves
  
48-24V 4-Mod 19/23" shelf P/N: 030-840-20 
>Mechanical  
Dimensions:
mm: .................................88.4H x 438W x 332D
in: ....................................3.48H x 17.2W x 13.1D 
Weight: ..............................8.6kg (18.9lbs)
>Performance / Features
CAN bus communication to remote CXC controllers/peripherals
Optional integrated CXCI controller
Agency Compliance
Safety: ............................... CSA/UL C22.2 60950 (NRTL)
 CE IEC/EN 60950
 CE marked
EMI: ...................................Class A radiated
 Class A conducted
 EN 6100-4-2, -3, -4, -6
 GR-1089 (where applicable)
 GR-63
Electrical
Input voltage: ....................-42 to -60Vdc
Input current: .....................<48A @ 48V (55A max)
Efficiency: ..........................>88% (50 to 100% load)
Input noise:
Voice band: ....................<32dBrnC
Wide band: .....................<10mV RMS to 10MHz
 <150mVp-p to 100MHz
Output power:....................2000W max @ 27Vdc (1.8kW @ 24Vdc)
Output voltage: ..................27Vdc nominal
Output current: ..................74A max @ 27Vdc
Regulation: ........................-1% +/-0.1% load (static)
 +/- 0.1% line (static)
Output noise:
Voice band: ....................<38dBrnC
Wide band: .....................<20mV RMS to 10MHz
 <150mVp-p to 100MHz
Acoustic noise: ..................<60dBa @ 1m (3ft)
Performance / Features
Indicators: .........................Input ok LED (green)
 Output ok LED (green)
 Module fail LED (red)
Adjustments: .....................Via CXC controller
Protection: .........................Input fuse
 Input inrush current limit
 Output fuse
 Over temperature limiting
 Input high and low voltage shutdown
 Current limit/short circuit protection
Miscellaneous:................... Control and monitoring via CXC controller
 (requires v1.96 min)
 Low voltage cutoff (LVD)
DD Series
48Vdc – 12Vdc Voltage Converters
Characteristics
Input Voltage Range 48Vdc nominal (17-55V)
Output Voltage 13.6Vdc +15%, -20% at extremes of temperatu
Intermittent Current Rating Continuous rating +25%, taken for a maximum
Transient Voltage Protection Meets ISO7637-2 International Standard for 24
Electro Static Voltage Protection Meets ISO10605, ISO14982, >8kV contact, 15k
Output Noise <50mV pk-pk at continuous load. Meets CISPR
Off load current (quiescent current) <15mA. If connected to the battery, but not pow
Power Conversion Efficiency Typically 90%
Operating Temperature -25°C to +30°C. +30°C to +80°C de-rate linear
Storage Temperature -25°C to +70°C
Operating Humidity 95% non-condensing.
Case Work Anodized Aluminum, Dust, water and impact re
Connections 4 off 6.3mm push on crimp connectors
Output Indicator LED adjacent to output terminals
Weight and Dimensions DD 48-12 072: Weight: 320g Dimensions: 8
DD 48-12 108: Weight: 420g, dimensions: 12







Limited by current sensing circuit
Limited by temperature sensing circuit
Protected by filters and rugged component selec
Protected by input and output fuses
Input blocking diode
Approvals (pending) 89/336/EEC The General EMC Directive
95/54/EC The Automotive EMC Directive (pen
93/68/EEC The CE Marking Directive
Markings CE marked and e marked (e13 023033)
AlfaTronix Limited 29 Newtown Business Park, Po
Telephone: +44 (0) 1202 715517. Fax: +44 (0) 120
E-mail: sales@alfatronix.ltd.uk. Website: http://ww
These units provide a simple and
professional solution to operating
12Vdc equipment from a 48Vdc
electrical system as used in
telecommunications systems,
forklift trucks, electric vehicles,
trains, cranes and mechanical
handling equipment. Applications
include the installation of radio and
communication equipment,
telemetric systems, operator
information systems, in vehicle
entertainment and portable
equipment.
These cool running products are
designed using switched mode
techniques and manufactured
using surface mount technology.
Two sizes available:
DD 48-12 072
6A continuous, 8A intermitte
DD 48-12 108
9A continuous, 11A intermitt
Key Benefits include:
 No Quibble lifetime warr
 Quick and easy to instal
 Power rating to 108W
Continuous (132W interm
 Internal protection again
current over heating and
transients.
 Low quiescent current (<re, load, input tolerance etc.







9 (L) x 87 (W) x 50 (H) mm
7(L) x 87 (W) x 50 (H) mm
sing three hole fixing
tion
ding)
ole, Dorset BH12 3LL Great Britain
2 715122.
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1A Positive Voltage Regulator 
General Description 
• The TCI LM78XX family is monolithic fixed voltage regulator 
integrated circuit. They are suitable for applications that  
required supply current up to 1A.  
 
• The LM78M is available in D-PACK (TO-252) and TO-220 packages. 
 
. 
Features                                                              Applications 
• Output Current up to 1A                       
• Fixed output voltage of 3.3V and 4.7V available 
• Thermal overload shutdown protection 
• Short circuit current limiting 
• Output transistor SOA protection 
• RoHS Compliance 
 
Ordering Information 













• High Efficiency Linear Regulator 
• Post Regulation for Switching Supply  
• Microprocessor Power Supply 
• Mother Board 
 
TO-220 



































                                                               www.taitroncomponents.com Page 3 of 6
Absolute Maximum Ratings  
Symbol  Description Ratings Unit 
VOUT=3.3~18V 35 VIN Input Voltage 
VOUT=20~24V 40 
V 
IOUT Output Current 1 A 
D-PACK (TO-252) PD Power Dissipation 
TO-220 
Internally Limited mW 
TJ Junction Temperature 150  
TOPR Operating Temperature Range -20 ~ 150 ° C 
TSTG Storage Temperature Range -55 ~ 150 ° C 
Note:  1. Absolute maximum ratings are stress ratings only and functional device operation is not implied. 
               The device could be damaged beyond Absolute maximum ratings. 
               2. The maximum steady state usable output current are dependent on input voltage, heat sinking, 
                   lead length of the package and copper pattern of PCB. The data are showed as electrical 
characteristics table represents pulse test conditions with junction temperatures specified at  
                   the initiation of test. 
Electrical Characteristics (TJ=25° C, PD≦15W, unless otherwise specified) 
For LM7833 (VIN=5.8V, IOUT=0.5A, C1=0.33µF, CO =0.1µF) 
 
LM7833 Symbol   Description 
Min. Typ. Max. 
Unit Test Conditions 
3.168 3.30 3.432 V IOUT=5mA-1.0A VOUT Output Voltage 
3.135 - 3.465 V 5.8V≤VIN≤18.3V, IOUT=5mA-1.0A
- - 33  mV IOUT=5mA-1.0A 
∆VOUT Load Regulation 
- - 17  mV IOUT=0.25A-0.75A 
- - 33  mV 5.8V≤VIN≤18.3V 
∆VOUT Line Regulation 
- - 33  mV 5.8V≤VIN≤18.3V, IOUT=1.0A 
IQ Quiescent Current - - 8.0 mA IOUT≦1.0A 
- - 1.0 mA 5.8V≤VIN≤18.3V 
∆IQ Quiescent Current Change 
- - 0.5 mA IOUT=5mA-1.0A 
eN Output Noise Voltage - 55 - µV 10Hz≤f≤100KHz 
∆VO/∆T Temperature coefficient of VOUT - -0.4 - mV/℃ IOUT=5mA 
RR Ripple Rejection - 57 - dB 6.3V≤VIN≤16.3V, f=120Hz 
IPEAK Peak Output Current - 1.8 - A - 
ISC Short-Circuit Current - 250 - mA VIN=35V 
VD Dropout Voltage - 2.0 - V - 
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For LM7847 (VIN=9.7V, IOUT=0.5A, C1=0.33µF, CO =0.1µF) 
LM7847 Symbol   Description 
Min. Typ. Max. 
Unit Test Conditions 
4.512 4.70 4.888 V IOUT=5mA-1.0A VOUT Output Voltage 
4.465 - 4.935 V 7.2V≤VIN≤19.7V, IOUT=5mA-1.0A
- - 47  mV IOUT=5mA-1.0A 
∆VOUT Load Regulation 
- - 24  mV IOUT=0.25A-0.75A 
- - 47  mV 7.2V≤VIN≤19.7V 
∆VOUT Line Regulation 
- - 47  mV 7.2V≤VIN≤19.7V, IOUT=1.0A 
IQ Quiescent Current - - 8.0 mA IOUT≦1.0A 
- - 1.0 mA 7.2V≤VIN≤19.7V 
∆IQ Quiescent Current Change 
- - 0.5 mA IOUT=5mA-1.0A 
eN Output Noise Voltage - 40 - µV 10Hz≤f≤100KHz 
∆VO/∆T Temperature coefficient of VOUT - -0.6 - mV/℃ IOUT=5mA 
RR Ripple Rejection 62 80 - dB 7.7V≤VIN≤17.7V, f=120Hz 
IPEAK Peak Output Current - 1.8 - A - 
ISC Short-Circuit Current - 250 - mA VIN=35V 
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How to contact us: 
US HEADQUARTERS 
28040 WEST HARRISON PARKAWAY, VALENCIA, CA 91355-4162 
Tel: (800) TAITRON (800) 824-8766 (661) 257-6060 
Fax: (800) TAITFAX (800) 824-8329 (661) 257-6415 
Email: taitron@taitroncomponents.com 
Http://www.taitroncomponents.com 
TAITRON COMPONENTS MEXICO, S.A .DE C.V. 




TAITRON COMPONETS INCORPORATED E REPRESENTAÇÕES DO BRASIL LTDA 
RUA DOMINGOS DE MORAIS, 2777, 2.ANDAR, SALA 24 SAÚDE - SÃO PAULO-SP 04035-001 BRAZIL 
Tel: +55-11-5574-7949 
Fax: +55-11-5572-0052 
TAITRON COMPONETS INCORPORATED, SHANGHAI REPRESENTATIVE OFFICE 
CROSS REGION PLAZA, 899 LINGLING ROAD, SUITE 18C, SHANGHAI, 200030, CHINA 
Tel: +86-21-5424-9942 
Fax: +86-21-5424-9931 
 1. General description
The 74HC7541; 74HCT7541 is an 8-bit buffer/line driver with Schmitt-trigger inputs and 
3-state outputs. The device features two output enables (OE1 and OE2). A HIGH on OEn 
causes the outputs to assume a high-impedance OFF-state. Inputs include clamp diodes. 
This enables the use of current limiting resistors to interface inputs to voltages in excess 
of VCC. Schmitt trigger inputs transform slowly changing input signals into sharply defined 
jitter-free output signals. 




 For 74HC7541: CMOS level
 For 74HCT7541: TTL level
 Complies with JEDEC standard no. 7A
 ESD protection:
 HBM JESD22-A114F exceeds 2000 V
 MM JESD22-A115-A exceeds 200 V
 Multiple package options




Octal Schmitt trigger buffer/line driver; 3-state
Rev. 6 — 16 December 2013 Product data sheet
Table 1. Ordering information
Type number Package
Temperature range Name Description Version
74HC7541N 40 C to +125 C DIP20 plastic dual in-line package; 20 leads (300 mil) SOT146-1
74HCT7541N
74HC7541D 40 C to +125 C SO20 plastic small outline package; 20 leads; 
body width 7.5 mm
SOT163-1
74HCT7541D
74HC7541DB 40 C to +125 C SSOP20 plastic shrink small outline package; 20 leads; 
body width 5.3 mm
SOT339-1
74HC7541PW 40 C to +125 C TSSOP20 plastic thin shrink small outline package; 20 leads; 
body width 4.4 mm
SOT360-1
74HCT7541PW
NXP Semiconductors 74HC7541; 74HCT7541
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[1] H = HIGH voltage level; L = LOW voltage level; X = don’t care; Z = high-impedance OFF-state.
7. Limiting values
 
[1] The input and output voltage ratings may be exceeded if the input and output current ratings are observed.
[2] For DIP20 packages: above 70 C the value of Ptot derates linearly with 12 mW/K.
For SO20 packages: above 70 C the value of Ptot derates linearly with 8 mW/K.
For SSOP20 and TSSOP20 packages: above 60 C the value of Ptot derates linearly with 5.5 mW/K.
Table 2. Pin description
Symbol Pin Description
OE1 1 output enable input (active LOW)
A0 to A7 2, 3, 4, 5, 6, 7, 8, 9 data input
GND 10 ground (0 V)
Y0 to Y7 18, 17, 16, 15, 14, 13, 12, 11 data output
OE2 19 output enable input (active LOW)
VCC 20 supply voltage
Table 3. Functional table[1]
Control Input Output
OE1 OE2 An Yn
L L L L
L L H H
X H X Z
H X X Z
Table 4. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND (ground = 0 V).
Symbol Parameter Conditions Min Max Unit
VCC supply voltage 0.5 +7 V
IIK input clamping current VI < 0.5 V or VI > VCC + 0.5 V [1] - 20 mA
IOK output clamping current VO < 0.5 V or VO > VCC + 0.5 V [1] - 20 mA
IO output current 0.5 V < VO < VCC + 0.5 V - 35 mA
ICC supply current - 70 mA
IGND ground current 70 - mA
Tstg storage temperature 65 +150 C
Ptot total power dissipation [2]
DIP20 - 750 mW
SO20, SSOP20, TSSOP20 - 500 mW74HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Table 5. Recommended operating conditions
 Voltages are referenced to GND (ground = 0 V)
Symbol Parameter Conditions 74HC7541 74HCT7541 Unit
Min Typ Max Min Typ Max
VCC supply voltage 2.0 5.0 6.0 4.5 5.0 5.5 V
VI input voltage 0 - VCC 0 - VCC V
VO output voltage 0 - VCC 0 - VCC V
Tamb ambient temperature 40 +25 +125 40 +25 +125 C
Table 6. Static characteristics
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).
Symbol Parameter Conditions Tamb = 25 C Tamb = 40 C 
to +85 C
Tamb = 40 C 
to +125 C
Unit




VI = VT+ or VT
IO = 20 A; VCC = 2.0 V 1.9 2.0 - 1.9 - 1.9 - V
IO = 20 A; VCC = 4.5 V 4.4 4.5 - 4.4 - 4.4 - V
IO = 20 A; VCC = 6.0 V 5.9 6.0 - 5.9 - 5.9 - V
IO = 6.0 mA; VCC = 4.5 V 3.98 4.32 - 3.84 - 3.7 - V
IO = 7.8 mA; VCC = 6.0 V 5.48 5.81 - 5.34 - 5.2 - V
VOL LOW-level 
output voltage
VI = VT+ or VT
IO = 20 A; VCC = 2.0 V - 0 0.1 - 0.1 - 0.1 V
IO = 20 A; VCC = 4.5 V - 0 0.1 - 0.1 - 0.1 V
IO = 20 A; VCC = 6.0 V - 0 0.1 - 0.1 - 0.1 V
IO = 6.0 mA; VCC = 4.5 V - 0.15 0.26 - 0.33 - 0.4 V
IO = 7.8 mA; VCC = 6.0 V - 0.16 0.26 - 0.33 - 0.4 V
II input leakage 
current
VI = VCC or GND; VCC = 6.0 V - - 0.1 - 1.0 - 1.0 A
IOZ OFF-state 
output current
per input pin; VI = VT+ or VT; 
VO = VCC or GND; 
other inputs at VCC or GND; 
VCC = 6.0 V; IO = 0 A
- - 0.5 - 5.0 - 10 A
ICC supply current VI = VCC or GND; IO = 0 A; 
VCC = 6.0 V
- - 8.0 - 80 - 160 A
CI input 
capacitance




VI = VT+ or VT; VCC = 4.5 V
IO = 20 A 4.4 4.5 - 4.4 - 4.4 - V
IO = 6.0 mA 3.98 4.32 - 3.84 - 3.7 - V74HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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VI = VT+ or VT; VCC = 4.5 V
IO = 20 A; - 0 0.1 - 0.1 - 0.1 V
IO = 6.0 mA; - 0.15 0.26 - 0.33 - 0.4 V
II input leakage 
current
VI = VCC or GND; VCC = 5.5 V - - 0.1 - 1.0 - 1.0 A
IOZ OFF-state 
output current
per input pin; VI = VT+ or VT; 
VO = VCC or GND; 
other inputs at VCC or GND; 
VCC = 5.5 V; IO = 0 A
- - 0.5 - 5.0 - 10 A
ICC supply current VI = VCC or GND; IO = 0 A; 
VCC = 5.5 V
- - 8.0 - 80 - 160 A
ICC additional 
supply current
per input pin; IO = 0 A; 
VI = VCC  2.1 V; 
other inputs at VCC or GND; 
VCC = 4.5 V to 5.5 V
An input - 20 72 - 90 - 98 A
OEn input - 130 468 - 585 - 637 A
CI input 
capacitance
- 3.5 - - - - - pF
Table 6. Static characteristics …continued
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).
Symbol Parameter Conditions Tamb = 25 C Tamb = 40 C 
to +85 C
Tamb = 40 C 
to +125 C
Unit
Min Typ Max Min Max Min Max
Table 7. Dynamic characteristics
GND = 0 V; CL = 50 pF; for test circuit see Figure 7.
Symbol Parameter Conditions Tamb = 25 C Tamb = 40 C to +125 C Unit
Min Typ Max Max (85 C) Max (125 C)
74HC7541
tpd propagation delay An to Yn; see Figure 5 [1]
VCC = 2.0 V - 39 120 150 180 ns
VCC = 4.5 V - 14 24 30 36 ns
VCC = 5.0 V; CL = 15 pF - 10 - - - ns
VCC = 6.0 V - 11 20 26 32 ns
ten enable time OEn to Yn; see Figure 6 [1]
VCC = 2.0 V - 44 160 200 240 ns
VCC = 4.5 V - 16 32 40 48 ns
VCC = 6.0 V - 13 27 34 41 ns
tdis disable time OEn to Yn; see Figure 6 [1]
VCC = 2.0 V - 58 160 200 240 ns
VCC = 4.5 V - 21 32 40 48 ns
VCC = 6.0 V - 17 27 34 41 ns74HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Octal Schmitt trigger buffer/line driver; 3-state[1] tpd is the same as tPLH and tPHL.
ten is the same as tPZL and tPZH.
tdis is the same as tPLZ and tPHZ.
[2] tt is the same as tTHL and tTLH.
[3] CPD is used to determine the dynamic power dissipation (PD in W):
PD = CPD  VCC2  fi  N +  (CL  VCC2  fo) where:
fi = input frequency in MHz;
fo = output frequency in MHz;
CL = output load capacitance in pF;
VCC = supply voltage in V;
N = number of inputs switching;
 (CL  VCC2  fo) = sum of outputs.
tt transition time see Figure 5 [2]
VCC = 2.0 V - 14 60 75 90 ns
VCC = 4.5 V - 5 12 15 18 ns
VCC = 6.0 V - 4 10 13 15 ns
CPD power dissipation 
capacitance
per package; 
VI = GND to VCC
[3] - 30 - - - pF
74HCT7541
tpd propagation delay An to Yn; see Figure 5 [1]
VCC = 4.5 V - 19 32 40 48 ns
VCC = 5.0 V; CL = 15 pF - 16 - - - ns
ten enable time OEn to Yn; see Figure 6 [1]
VCC = 4.5 V - 18 32 40 48 ns
tdis disable time OEn to Yn; see Figure 6 [1]
VCC = 4.5 V - 20 32 40 48 ns
tt transition time VCC = 4.5 V; see Figure 5 [2] - 5 12 15 18 ns
CPD power dissipation 
capacitance
per package; 
VI = GND to VCC  1.5 V
[3] - 32 - - - pF
Table 7. Dynamic characteristics
GND = 0 V; CL = 50 pF; for test circuit see Figure 7.
Symbol Parameter Conditions Tamb = 25 C Tamb = 40 C to +125 C Unit
Min Typ Max Max (85 C) Max (125 C)74HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Measurement points are given in Table 8.
VOL and VOH are typical voltage output levels that occur with the output load.















Measurement points are given in Table 8.
VOL and VOH are typical voltage output levels that occur with the output load.






























Table 8. Measurement points
Type Input Output
VM VM VX VY
74HC7541 0.5VCC 0.5VCC 0.1VCC 0.9VCC
74HCT7541 1.3 V 1.3 V 0.1VCC 0.9VCC74HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Test data is given in Table 9.
Definitions test circuit:
RT = Termination resistance should be equal to output impedance Zo of the pulse generator
CL = Load capacitance including jig and probe capacitance
RL = Load resistance
S1 = Test selection switch





























Table 9. Test data 
Type Input Load S1 position
VI tr, tf CL RL tPHL, tPLH tPZH, tPHZ tPZL, tPLZ
74HC7541 VCC 6 ns 15 pF, 50 pF 1 k open GND VCC
74HCT7541 3 V 6 ns 15 pF, 50 pF 1 k open GND VCC74HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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13. Transfer characteristics waveforms
 
Table 10. Transfer characteristics
At recommended operating conditions; voltages are referenced to GND (ground = 0 V); see Figure 8 and Figure 9.
Symbol Parameter Conditions Tamb = 25 C Tamb = 40 C 
to +85 C
Tamb = 40 C 
to +125 C
Unit





VCC = 2.0 V - - 1.5 - 1.5 - 1.5 V
VCC = 4.5 V - - 3.15 - 3.15 - 3.15 V




VCC = 2.0 V 0.3 - - 0.3 - 0.3 - V
VCC = 4.5 V 1.35 - - 1.35 - 1.35 - V
VCC = 6.0 V 1.8 - - 1.8 - 1.8 - V
VH hysteresis 
voltage
VCC = 2.0 V 0.1 0.20 - 0.1 - 0.1 - V
VCC = 4.5 V 0.25 0.40 - 0.25 - 0.25 - V





VCC = 4.5 V - - 2.0 - 2.0 - 2.0 V




VCC = 4.5 V 0.7 - - 0.64 - 0.6 - V
VCC = 5.5 V 0.8 - - 0.74 - 0.7 - V
VH hysteresis 
voltage
VCC = 4.5 V 0.17 0.23 - - - - - V
VCC = 5.5 V 0.17 0.23 - - - - - V
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Fig 10. Package outline SOT146-1 (DIP20)
UNIT Amax.





 IEC  JEDEC  JEITA
mm
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0 5 10 mm
scale
Note
1. Plastic or metal protrusions of 0.25 mm (0.01 inch) maximum per side are not included. 
(1)(1) (1)
DIP20: plastic dual in-line package; 20 leads (300 mil) SOT146-174HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Fig 11. Package outline SOT163-1 (SO20)
UNIT Amax. A1 A2 A3 bp c D





























DIMENSIONS (inch dimensions are derived from the original mm dimensions)
Note





















































SO20: plastic small outline package; 20 leads; body width 7.5 mm SOT163-1
99-12-27
03-02-1974HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Fig 12. Package outline SOT339-1 (SSOP20)



























DIMENSIONS (mm are the original dimensions)
Note
1. Plastic or metal protrusions of 0.2 mm maximum per side are not included. 
1.03
0.63


























0 2.5 5 mm
scale
SSOP20: plastic shrink small outline package; 20 leads; body width 5.3 mm SOT339-1
A
max.
274HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Fig 13. Package outline SOT360-1 (TSSOP20)



























DIMENSIONS (mm are the original dimensions)
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
0.75
0.50

























0 2.5 5 mm
scale
TSSOP20: plastic thin shrink small outline package; 20 leads; body width 4.4 mm SOT360-1
A
max.
1.174HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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CMOS Complementary Metal-Oxide Semiconductor
DUT Device Under Test
ESD ElectroStatic Discharge
HBM Human Body Model
LSTTL Low-power Schottky Transistor-Transistor Logic
MM Machine Model
Table 12. Revision history
Document ID Release date Data sheet status Change notice Supersedes
74HC_HCT7541 v.6 20131216 Product data sheet - 74HC_HCT7541 v.5
Modifications: • New general description (errata).
74HC_HCT7541 v.5 20121231 Product data sheet - 74HC_HCT7541 v.4
Modifications: • IOZ added to static characteristics table.
74HC_HCT7541 v.4 20111219 Product data sheet - 74HC_HCT7541 v.3
Modifications: • Legal pages updated.
74HC_HCT7541 v.3 20110725 Product data sheet - 74HC_HCT7541_CNV v.2
74HC_HCT7541_CNV v.2 19970917 Product specification - -74HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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17.1 Data sheet status
 
[1] Please consult the most recently issued document before initiating or completing a design. 
[2] The term ‘short data sheet’ is explained in section “Definitions”. 
[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status 
information is available on the Internet at URL http://www.nxp.com. 
17.2 Definitions
Draft — The document is a draft version only. The content is still under 
internal review and subject to formal approval, which may result in 
modifications or additions. NXP Semiconductors does not give any 
representations or warranties as to the accuracy or completeness of 
information included herein and shall have no liability for the consequences of 
use of such information.
Short data sheet — A short data sheet is an extract from a full data sheet 
with the same product type number(s) and title. A short data sheet is intended 
for quick reference only and should not be relied upon to contain detailed and 
full information. For detailed and full information see the relevant full data 
sheet, which is available on request via the local NXP Semiconductors sales 
office. In case of any inconsistency or conflict with the short data sheet, the 
full data sheet shall prevail.
Product specification — The information and data provided in a Product 
data sheet shall define the specification of the product as agreed between 
NXP Semiconductors and its customer, unless NXP Semiconductors and 
customer have explicitly agreed otherwise in writing. In no event however, 
shall an agreement be valid in which the NXP Semiconductors product is 
deemed to offer functions and qualities beyond those described in the 
Product data sheet.
17.3 Disclaimers
Limited warranty and liability — Information in this document is believed to 
be accurate and reliable. However, NXP Semiconductors does not give any 
representations or warranties, expressed or implied, as to the accuracy or 
completeness of such information and shall have no liability for the 
consequences of use of such information. NXP Semiconductors takes no 
responsibility for the content in this document if provided by an information 
source outside of NXP Semiconductors.
In no event shall NXP Semiconductors be liable for any indirect, incidental, 
punitive, special or consequential damages (including - without limitation - lost 
profits, lost savings, business interruption, costs related to the removal or 
replacement of any products or rework charges) whether or not such 
damages are based on tort (including negligence), warranty, breach of 
contract or any other legal theory. 
Notwithstanding any damages that customer might incur for any reason 
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards 
customer for the products described herein shall be limited in accordance 
with the Terms and conditions of commercial sale of NXP Semiconductors.
Right to make changes — NXP Semiconductors reserves the right to make 
changes to information published in this document, including without 
limitation specifications and product descriptions, at any time and without 
notice. This document supersedes and replaces all information supplied prior 
to the publication hereof.
Suitability for use — NXP Semiconductors products are not designed, 
authorized or warranted to be suitable for use in life support, life-critical or 
safety-critical systems or equipment, nor in applications where failure or 
malfunction of an NXP Semiconductors product can reasonably be expected 
to result in personal injury, death or severe property or environmental 
damage. NXP Semiconductors and its suppliers accept no liability for 
inclusion and/or use of NXP Semiconductors products in such equipment or 
applications and therefore such inclusion and/or use is at the customer’s own 
risk.
Applications — Applications that are described herein for any of these 
products are for illustrative purposes only. NXP Semiconductors makes no 
representation or warranty that such applications will be suitable for the 
specified use without further testing or modification. 
Customers are responsible for the design and operation of their applications 
and products using NXP Semiconductors products, and NXP Semiconductors 
accepts no liability for any assistance with applications or customer product 
design. It is customer’s sole responsibility to determine whether the NXP 
Semiconductors product is suitable and fit for the customer’s applications and 
products planned, as well as for the planned application and use of 
customer’s third party customer(s). Customers should provide appropriate 
design and operating safeguards to minimize the risks associated with their 
applications and products. 
NXP Semiconductors does not accept any liability related to any default, 
damage, costs or problem which is based on any weakness or default in the 
customer’s applications or products, or the application or use by customer’s 
third party customer(s). Customer is responsible for doing all necessary 
testing for the customer’s applications and products using NXP 
Semiconductors products in order to avoid a default of the applications and 
the products or of the application or use by customer’s third party 
customer(s). NXP does not accept any liability in this respect.
Limiting values — Stress above one or more limiting values (as defined in 
the Absolute Maximum Ratings System of IEC 60134) will cause permanent 
damage to the device. Limiting values are stress ratings only and (proper) 
operation of the device at these or any other conditions above those given in 
the Recommended operating conditions section (if present) or the 
Characteristics sections of this document is not warranted. Constant or 
repeated exposure to limiting values will permanently and irreversibly affect 
the quality and reliability of the device.
Terms and conditions of commercial sale — NXP Semiconductors 
products are sold subject to the general terms and conditions of commercial 
sale, as published at http://www.nxp.com/profile/terms, unless otherwise 
agreed in a valid written individual agreement. In case an individual 
agreement is concluded only the terms and conditions of the respective 
agreement shall apply. NXP Semiconductors hereby expressly objects to 
applying the customer’s general terms and conditions with regard to the 
purchase of NXP Semiconductors products by customer.
No offer to sell or license — Nothing in this document may be interpreted or 
construed as an offer to sell products that is open for acceptance or the grant, 
conveyance or implication of any license under any copyrights, patents or 
other industrial or intellectual property rights.
Document status[1][2] Product status[3] Definition
Objective [short] data sheet Development This document contains data from the objective specification for product development. 
Preliminary [short] data sheet Qualification This document contains data from the preliminary specification. 
Product [short] data sheet Production This document contains the product specification. 74HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Octal Schmitt trigger buffer/line driver; 3-stateExport control — This document as well as the item(s) described herein 
may be subject to export control regulations. Export might require a prior 
authorization from competent authorities.
Non-automotive qualified products — Unless this data sheet expressly 
states that this specific NXP Semiconductors product is automotive qualified, 
the product is not suitable for automotive use. It is neither qualified nor tested 
in accordance with automotive testing or application requirements. NXP 
Semiconductors accepts no liability for inclusion and/or use of 
non-automotive qualified products in automotive equipment or applications.
In the event that customer uses the product for design-in and use in 
automotive applications to automotive specifications and standards, customer 
(a) shall use the product without NXP Semiconductors’ warranty of the 
product for such automotive applications, use and specifications, and (b) 
whenever customer uses the product for automotive applications beyond 
NXP Semiconductors’ specifications such use shall be solely at customer’s 
own risk, and (c) customer fully indemnifies NXP Semiconductors for any 
liability, damages or failed product claims resulting from customer design and 
use of the product for automotive applications beyond NXP Semiconductors’ 
standard warranty and NXP Semiconductors’ product specifications.
17.4 Trademarks
Notice: All referenced brands, product names, service names and trademarks 
are the property of their respective owners.
18. Contact information
For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com74HC_HCT7541 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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CAUTIONS for correct use
Laser Bar Code Reader
BL-700 series
Instruction Manual
Thoroughly read this instruction manual before 
beginning operation of the exclusive unit for laser 
bar code reader.
Keep the instruction manual in case reference is 
needed.
• Be sure to use the 5VDC power supply. If a
power supply exceeding 5VDC is used, the unit
may be damaged.
When the exclusive power supply BL-U1, BL-
U2, N-42 or N-48 is used, use a power supply
having the range suitable for these units.
Otherwise, the exclusive unit may be damaged.
• Avoid applying shocks or dropping the unit as it
is a precision electrical unit. Otherwise it may
be damaged, Pay special attention during you 
are moving or 
installing the 
unit.
• Never carry the units by
holding the cables. Other-
wise units hit each other,
resulting in malfunctions.
CAUTION
96M11736Safety information for BL-700 series
Safety precautions on laser product
The visible semiconductor laser used as the light source.
Use of controls or adjustment or performance of
procedures other than those specified herein may




Pulse duration 99.5Ps (IEC60825-1), 50Ps (FDA (CDRH) Part 1040.10)
Laser Class Class 2 Laser Product (IEC60825-1), Class  Laser Product (FDA (CDRH) Part 1040.10)
WARNING
Follow the instructions mentioned in this manual.
Otherwise, injury to the human body (eyes and
skin) may result.
Precautions on class /2 laser products
• Do not stare into the beam.
• Do not direct the beam at  people or into
areas where people might be present.
• Be careful of the path of the laser beam.
If there is a possibility that the operator may
be exposed to the specular or diffuse reflec-
tions, block the beam by installing a protec-
tive enclosure.
• Install the products so that the path of the
laser beam is not as the same height as that
of human eye.
• Do not disassemble this product.
Laser emission from this product is not auto-
matically stopped when it is disassembled.
WARNING1
The following FDA(CDRH) label is affixed to the product.
When using this product in the countries and/or regions other than U.S.,
use the IEC warning/explanatory label in the package of this product. In
this case, it can be affixed on the FDA (CDRH) warning label, which has
already been affixed to this product. 
The following safety measures are provided.
• Laser ON alarm LED (LASER ON LED)
The laser ON LED lights during radiation of laser. The LED can be
checked while wearing the safety goggles.
• laser STOP command
You can stop radiation of the laser beam furiously by issuing a
laser STOP command to the BL-700. Use the laser STOP com-
mand when it is necessary to work near the laser source, to protect
your eyes from exposure by laser beam.
When the laser is stopped by the laser STOP command, the lower-
























* Use the special setup software or exclusive setup console BL-P2E for
setting the BL series.
* As for the exclusive power supply (BL-U1, BL-U2 or N-42), refer to
the use’s manual.
No. Name Function
(1) LASER ON LED Lights while the laser is generated.
(2) STABILITY LED Indicates the scan stability and BL-700 operationstatus.
(3) OK/NG LED • OK output: Green LED lights.• NG output: Red LED lights.
(4) TIMING LED Lights when timing input is ON.
(5) TEST switch
Use this switch to activate the following operations:
• Starting test mode
• Single scan of a bar code by pressing this switch 
for a short time
• Use this switch to fix the communication setting to 
default values.
• Clear of an error
(6) Laser & receiver Laser beam is sent/received through this part.















































* When the exclusive power supply is used, refer to the user’s manual.
Connector Pin Assignment
The pin assignment of the BL-700 connector is as listed below.
Wiring of Power supply




housing Shield FG Frame ground -
1 Yellow TIM Timing input Input
2 Brown RD(RXD) RS-232C receive data Input
3 Purple SD(TXD) RS-232C send data Output
4 White OK OK output Output
5 Black GND(SG) Ground (common ground for each signal) -
6 Gray NG NG output Output
7 Pink RS(RTS) RS-232C request to send (normally ON) Output
8 Blue CS(CTS) RS-232C clear to send Input
9 Red +5V +5VDC power supply Input
45 3 2 1




• Never connect + and - terminals of the power
supply in the reverse directions, to prevent mal-
functions.
• Use regulated 5VDC ±5% power supply. Use of
a power supply exceeding the range may
cause a damage.
• Do not extend the power supply cable.
Otherwise, voltage drop may occur, adversely
affecting operation of the BL-700.
• Use the power supply that provides Class 2 output defined in
NFPA 70 (NEC: National Electrical Code) when using this prod-
uct as an UL certified product.









z Wiring of timing input
The timing input starts scanning by the BL-700 (turns the laser on).
Use the no-voltage input for the timing input (use the negative logic
when the TTL input is used).
z Wiring for OK/NG output
Use the OK/NG output for checking by comparing with the preset
data (when preset data is not registered, to indicate if a bar code is
read or not).
The NPN open collector output is used.
Wiring for RS-232C
When a personal computer is connected, arrange the wiring as
shown below.
z Connecting the computer with 9-pin
Installation
Operating Environment
This unit is a precision equipment. So, pay attention to the installation
place and avoid the following places:
z Places subject to direct sunshine or temperature exceeding a
range between 0 to +40qC (32 to 104qF). [between 0 to +50qC (32
to 122qF) for the exclusive power supply]
z Places subject to relative humidities exceeding a range between
35 and 85% and condensation by rapid temperature changes
z Places subject to corrosive and inflammable gases, salt, iron dust
and lamp smoke
z Places subject to vibration and shocks directly to the BL-700
z Places subject to oil and chemical splashes
z Places subject to strong magnetic field
z Places subject to ambient illumination exceeding the range speci-








































































Use the mounting holes in the side panel of the BL-700.
z When bracket is not used
* Prepare M3 nuts and screws according to the wall thickness on which
the BL-700 is mounted. (Screws provided are used when the bracket
is used.)
* As for dimensions of the mounting holes, see the dimension drawing.
* To suppress the noise from the device, be sure to apply insulation to
the mounting part of the BL-700 Series and the device.
z When the bracket is used
For vertical scan:
For horizontal scan:
* Prepare the set M4 screws for fixing the bracket to the machine or fac-
tory at your end.
* For dimensions of the bracket, see the external dimension drawing.



































(provided)Mounting angle and distance
Locate the BL-700 at the angle and distance shown below.
Determine the angle and distance, referring to the range and angle
characteristics shown in the user’s manual. The scanning distance
and angle may vary according to the narrow bar dimensions of a bar
code, size of a bar code and printing quality of a bar code.





*Scan distance = 230 mm (BL-700/701)
 400 mm (BL-740/741)
 500 mm (BL-780/781)
Do not locate the laser beam of the BL-700 at a
right angle to the bar cord surface to be scanned.
Otherwise, the scanning will be adversely
affected by influence of opposite reflection.
An optimum scan position can be determined by
using the reading rate test mode. As for the test mode




































z For vertical scan









z For horizontal scan
Use M4 screws for
installation.Specifications
*1 The scan bar width represents the range of scannable fine bar of
a bar code (narrow bar width).
*2 The scanning label width includes the bar code margin (quiet
zone).
Model BL-700 BL-701 BL-740 BL-741 BL-780 BL-781
Type High resolution type Mid distance type Long distance type
Light source Visible semiconductor laser (Wavelength: 655nm)
Output 100PW
Pulse duration 99.5Ps (IEC60825-1), 50Ps (FDA (CDRH) Part 1040.10)
Laser Class Class 2 Laser Product (IEC60825-1), Class  Laser Product (FDA (CDRH) Part 1040.10)
Scan type Single Raster Single Raster Single Raster
Scan distance 160 to 370mm (at 0.5mm narrow width) 150 to 750mm (at 1.0mm narrow width) 200 to 1200mm (at 2.0mm narrow width)
Scanning bar width*1 0.15 to 1.0mm* 0.19 to 1.0mm for CODE 93 and 128
0.25 to 2.0mm
* 0.33 to 2.0mm for CODE 93, 128 and EAN
0.32 to 2.0mm
* 0.5 to 2.0mm for CODE 93, 128 and EAN
Max. scanning label width*2 310mm (at 335mm scan distance) 600mm (at 680mm scan distance) 1010mm (at 1080mm scan distance)
PCS Min. 0.6 (white reflection rate of 75% or more)
Scan speed 700 scan/sec
Applicable code CODE39, ITF, INDUSTRIAL2 of 5, COOP2 of 5, CODABAR, CODE128, CODE93, EAN/UPC (A·E)
Scanning number of digits Max. 32 digits*3
Timing input No-voltage input (with, without contact) *TTL input may also be used.
Output type NPN open collector
Rated load 24VDC, 30mA
Leak current at OFF Max. 0.1mA
Residual voltage at ON Max. 0.5V
Serial interface RS-232C
Enclosure rating IP65
Operating ambient illumination Sun light : 10000lx   Glow lamp : 6000lx Sun light : 10000lx   Glow lamp : 4000lx Sun light : 10000lx   Glow lamp : 3000lx
Ambient temperature 0 to 40qC (32 to 104qF), No freezing
Relative humidity 35 to 85%, No condensation
Ambient atmosphere Free from dust and corrosive gas
Vibration resistance 2 hours each in X, Y and Z directions at 10 to 55 Hz
Power supply voltage 5DVC±5%
Current consumption Max. 510mA






















*3 As for CODE128 using CODE-C as the start and stop charac-
ters, the maximum number of digits is 64.
* Internal settings for the unit are written in the built-in EEP-ROM
(rewrite of 100,000 cycles is possible).
Raster Width Specifications
Since the laser beam is also moved vertically for the raster scan to
scan at multiple positions of a bar code, stain or partially missing bar
codes can be scanned.
As for the vertical width of the raster scan (raster width), see the table
below.





(1) KEYENCE warrants the Products to be free of defects in materials and 
workmanship for a period of one (1) year from the date of shipment. If any 
models or samples were shown to Buyer, such models or samples were used 
merely to illustrate the general type and quality of the Products and not to 
represent that the Products would necessarily conform to said models or 
samples. Any Products found to be defective must be shipped to KEYENCE 
with all shipping costs paid by Buyer or offered to KEYENCE for inspection and 
examination. Upon examination by KEYENCE, KEYENCE, at its sole option, 
will refund the purchase price of, or repair or replace at no charge any Products 
found to be defective. This warranty does not apply to any defects resulting 
from any action of Buyer, including but not limited to improper installation, 
improper interfacing, improper repair, unauthorized modification, misapplication 
and mishandling, such as exposure to excessive current, heat, coldness, 
moisture, vibration or outdoors air. Components which wear are not warranted.
(2) KEYENCE is pleased to offer suggestions on the use of its various Products. 
They are only suggestions, and it is Buyer's responsibility to ascertain the 
fitness of the Products for Buyer’s intended use. KEYENCE will not be 
responsible for any damages that may result from the use of the Products.
(3) The Products and any samples ("Products/Samples") supplied to Buyer are not 
to be used internally in humans, for human transportation, as safety devices or 
fail-safe systems, unless their written specifications state otherwise. Should any 
Products/Samples be used in such a manner or misused in any way, 
KEYENCE assumes no responsibility, and additionally Buyer will indemnify 
KEYENCE and hold KEYENCE harmless from any liability or damage 
whatsoever arising out of any misuse of the Products/Samples.
(4) OTHER THAN AS STATED HEREIN, THE PRODUCTS/SAMPLES ARE 
PROVIDED WITH NO OTHER WARRANTIES WHATSOEVER. ALL 
EXPRESS, IMPLIED, AND STATUTORY WARRANTIES, INCLUDING, 
WITHOUT LIMITATION, THE WARRANTIES OF MERCHANTABILITY, 
FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF 
PROPRIETARY RIGHTS, ARE EXPRESSLY DISCLAIMED. 
IN NO EVENT SHALL KEYENCE AND ITS A FFILIATED ENTITIES BE 
LIABLE TO ANY PERSON OR ENTITY FOR ANY DIRECT, INDIRECT, 
INCIDENTAL, PUNITIVE, SPECIAL OR CONSEQUENTIAL DAMAGES 
(INCLUDING, WITHOUT LIMITATION, ANY DAMAGES RESULTING FROM 
LOSS OF USE, BUSINESS INTERRUPTION, LOSS OF INFORMATION, 
LOSS OR INACCURACY OF DATA, LOSS OF PROFITS, LOSS OF 
SAVINGS, THE COST OF PROCUREMENT OF SUBSTITUTED GOODS, 
SERVICES OR TECHNOLOGIES, OR FOR ANY MATTER ARISING OUT OF 
OR IN CONNECTION WITH THE USE OR INABILITY TO USE THE 
PRODUCTS, EVEN IF KEYENCE OR ONE OF ITS AFFILIATED ENTITIES 
WAS ADVISED OF A POSSIBLE THIRD PARTY’S CLAIM FOR DAMAGES 
OR ANY OTHER CLAIM AGAINST BUYER. In some jurisdictions, some of the 
foregoing warranty disclaimers or damage limitations may not apply.
BUYER'S TRANSFER OBLIGATIONS:
If the Products/Samples purchased by Buyer are to be resold or delivered to a 
third party, Buyer must provide such third party with a copy of this document, all 
specifications, manuals, catalogs, leaflets and written information provided to 
Buyer pertaining to the Products/Samples.
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11736E  1071-1  96M11736  
2 Nm - Doble ovoide - 3,9 W 3,9 W ref 82869013 
 Resistencia mecánica de reductores : 2 Nm, mecanismos de plástico eficaces
 Motores : potencia nominal de 3 W antiparasitados para productos estándares almacenados
 Gama de velocidades ampliada : de 0,3 a 430 rpm




 Tipo Tipo Tensión Velocidades de salida (rpm) Relaciones (i)





Par máximo admisible sobre el reductor en régimen 
permanente para 1 millón de vueltas (Nm) 2 
Carga axial estática (daN) 1 
Carga radial estática (daN) 10 
Potencia útil máx (W) 3,9 
Potencia útil nominal (W) 3 
Calentamiento (°C) 50 
Masa (g) 240 
Consúltenos para obtener información acerca de productos bajo pedido.
Motores : 
 Otras tensiones de alimentación
 Motor con 2 rodamientos de bolas
 Eje de desbordamiento hacia delante o hacia atrás
 Salida mediante terminales radiales o hilos
 Supresor de interferencias específico
 Encoder : 5 impulsos/vuelta
Reductores : 
 Eje especial
 Rodamientos de bolas
 Engrasado especial
 Limitador de par F
 Fijación, reductor M3




2 orificios de fijación Ø 3,2
3 estampaciones Ø 7,2 a 120° en R = 19,5 con 3 orificios M3
Salvo excepciones, las características indicadas representan la totalidad o una parte de la gama de productos seleccionada
28/04/2015 www.crouzet.com









Curva : par/velocidad nominal
No Referencia
rpm
Salvo excepciones, las características indicadas representan la totalidad o una parte de la gama de productos seleccionada
28/04/2015 www.crouzet.com
Productos adaptados, consúltenos
 Tensión de alimentación especial
 Salida de hilos
 Encoder de efecto Hall de 1 o 5 impulsos
 Conectores especiales
 Eje especial
 Relación de reducción especial
 Materiales especiales para engranajes
 Cojinete y rodamientos de bolas específicos
 Platina de adaptación especial
 Acabado y sistema Y
 Más de 200 relaciones de reducción
 Con motor más corto de 1 W 










1. Communications Test : 
 
Sent : AT 
 




2. Change baud rate : 
 
Sent : AT+BAUD1 
 




Sent : AT+BAUD2 
 















3. Change Bluetooth device name: 
 
Sent : AT+NAMEdevicename 
 receive : OKname 
 
(devicename is the name you want the device to be , and it will be searched with this name) 
 




4. Change Pincode: 
 
Sent : AT+PINxxxx 
 
receive : OKsetpin 
 
(xxxx is the pin code you set) 
 


































for profile  3100.4026 
(fits all external elements)
Resistor 8k2
Rubber cap:Optima-Plus connectors, internal element: Optima-Plus connectors, external element:
3020.400xC discharge to compensation chamber
3020.410xC discharge to C-rail
3031.4006C resistor
supplied with Article 3020.400xC /
3020.410xC and 3031.4006C 
incl. Torx screws
 Contact-Optima 3100.4026
Gelbau GmbH & Co. KG | Grandkaule 8–10 | 53859 Niederkassel


























for profile  3100.4026N 
(fits all external elements)
Resistor 8k2
Rubber cap:Optima-Plus connectors, internal element: Optima-Plus connectors, external element:
3020.400xC discharge to compensation chamber
3020.410xC discharge to C-rail
3031.4006C resistor
supplied with Article 3020.400xC /
3020.410xC and 3031.4006C 
incl. Torx screws
 Contact-Optima 3100.4026N
Gelbau GmbH & Co. KG | Grandkaule 8–10 | 53859 Niederkassel
Phone: +49 (0) 22 08/94 55-0 | info@gelbau.com | www.gelbau.com












3020.400xC discharge to compensation chamber
3020.410xC discharge to C-rail
3031.4006C resistor
supplied with Article 3020.400xC /














for profile  3100.4053 








Gelbau GmbH & Co. KG | Grandkaule 8–10 | 53859 Niederkassel
Phone: +49 (0) 22 08/94 55-0 | info@gelbau.com | www.gelbau.com
Construcción
®Las correas dentadas Synchroflex  se fabrican en poliuretano, resistente a la abrasión, con 
cuerdas de tracción de cable de acero de alta resistencia.
Propiedades
La combinación de ambos materiales de gran calidad forma la base de las correas dentadas de 
®poliuretano Mulco  de gran precisión de medida y de capacidad de carga.  En las correas 
dentadas de poliuretano, debido a las cuerdas de tracción de acero, la longitud es constante, no 
teniendo elasticidad dimensional.
La elasticidad debida a la fuerza periférica y a la tensión previa es extremadamente pequeña, 
comportándose de acuerdo con la ley de Hooke.  Los procesos de fabricación de las correas 
®dentadas de poliuretano Synchroflex  permiten mantener estrechas tolerancias, asegurando 
un reparto homogéneo de la carga en transmisiones de potencia.  Estas correas dentadas de 
poliuretano son apropiadas para la transmisión de grandes pares.  Su aplicación no solo es en 
la transmisión de potencia, sino también en instalaciones y  transporte.
®Las correas dentadas de poliuretano Synchroflex  se caracterizan por las siguientes ventajas







La transmisión síncrona y la mínima carga sobre los rodamientos, asi como la ausencia 
®absoluta de mantenimiento, hacen de las correas dentadas de poliuretano Synchroflex  un 
elemento ideal de transmisión.
Aplicaciones
®Las correas dentadas de poliuretano Synchroflex se aplican en todos los campos de la técnica, 
donde es necesaria la transmisión sincrona de un movimiento giratorio, independientemente de 
si se trata de transmisiones de potencia, servomandos, distribuciones o transportes.
CORREAS DENTADAS DE POLIURETANO CON CABLE DE ACERO 
Synchroflex
F-09







AT3 - AT5 - AT10 - AT20 
T2 - M - T2,5 - T5 - T10 - T20
T2,5DL - T5DL - T10DL - T20DL






F / AF / BF / CF / DF
   K1      K1,5
t=paso mm.            1        1,5
a=altura diente     0,45     0,6
b=altura total       0,95     1,2
Correas especiales pasos especiales
- AR  correa cerrada paso  4,706 mm. 
- BR  correa cerrada paso  7,854 / 7,841 mm. 
- CR  correa cerrada paso  12,553 mm.  
- DR  correa cerrada paso  6,283 / 6,271 mm.
- V     correas cerradas en distintos pasos
          especiales 
Correas dentadas perfiles  T.
- T2     Paso métrico 2 mm. 
- M  Paso métrico 2,032 mm. (minipitch) 
- T2,5  Paso métrico 2,5 mm. 
- T5     Paso métrico 5 mm. 
- T10   Paso métrico 10 mm. 
- T20   Paso métrico 20 mm. 
Correas dentadas perfiles  T DL
(doble dentado).
- T2,5DL  Paso métrico 2,5 mm. 
- T5DL     Paso métrico 5 mm. 
- T10DL   Paso métrico 10 mm. 
- T20DL   Paso métrico 20 mm. 
Correas dentadas perfiles  AT.
- AT3     Paso métrico 3 mm. 
- AT5     Paso métrico 5 mm. 
- AT10   Paso métrico 10 mm. 
- AT20   Paso métrico 20 mm. 
Correas dentadas de alta potencia ATP.
- ATP10  Paso métrico 10 mm.
Correas de dentado estriado triangular  K de
gran precisión en transmisiones de pequeña
mecánica.
- K1    Correas cerradas paso 1  mm.
- K1,5 Correas cerradas paso 1,5 mm.
Correas planas de poliuretano con cable de
acero.




(1) FA = correa con el lomo reforzado
(2) FN = correa especial con tacos en lomo


















T2 90 90 45
T2 118 118 59





T2 138 138 69
T2 140 140 70
T2 144 144 72
T2 150 150 75
T2 160 160 80
T2 180 180 90









T2 240 240 120
T2 256 256 128
T2 262 262 131
T2 280 280 140
T2 292 292 146
T2 320 320 160
T2 360 360 180
T2 600 600 300
T2 710               710              355
PASO M (minipitch =2,032 mm.)
M 111 111,76 55
M 113 113,79 56
M 121 121,92 60
M (1)121 FA 121,92 60
M 132 132,08 65
M 142 142,24 70
M 144 144,27 71
M 162 162,56 80
M 182 182,88 90
M 197 197,10 97
M 203 203,20 100
M 209 209,30 103
M 213 213,36 105
M 243 243,86 120
M 256 256,03 126
M 264 264,16 130
M 284 284,48 140
M 304 304,80 150
M 355 355,60 175
M 373 373,89 184









M 520 520,19 256
M 599 599,44 295
M 731 731,52 360
M 1178 1178,56 580
CORREAS DENTADAS DE POLIURETANO SIN FIN













DOBLE DENTADO  "T - DL"
1,00,760,7 1,8 3,5
PERFIL T2,5MT2 T5 T10 T20
t= paso mm. 2,52,0322 5 10
a=altura total 1,31,151,1 2,2 4,5
d=altura diente 0,70,510,5 1,2 2,5








T5 100 100 20
T5 150 T5 150-DL 150 30
T5 165 165 33
T5 180 180 36
T5 185 185 37
T5 200 200 40
T5 210 210 42
T5 215 215 43
T5 220 220 44
T5 225 225 45
T5 245 245 49
T5 250 250 50
T5 255 255 51
T5 260 T5 260-DL 260 52
T5 270 270 54
T5 280 280 56
T5 295 295 59
T5 300-DL 300 60
T5 305 305 61
T5 330 330 66
T5 340 340 68
T5 355 355 71
T5 365 365 73
T5 390 390 78
T5 400 400 80
T5 410 T5 410-DL 410 82
T5 420 420 84
T5 455 455 91
T5 460 T5 460-DL 460 92
T5 480 480 96
T5 500 500 100
T5 505 505 101
T5 510 510 102
T5 515-DL 515 103
T5 525 T5 525-DL 525 105
T2,5 (1)55 FA 55 120
T2,5 120 120 48
T2,5 145 145 58
T2,5 160 160 64
T2,5 (1)160 FA 160 64
T2,5 177,5 177,5 71
T2,5 180 180 72
T2,5 182,5 182,5 73























T2,5 245 245 98


















(1) FA = correa con el lomo reforzado



























PASO T-2,5 / T-2,5DL
PASO T-5 / T-5DL






T2,5 330 330 132
T2,5 380 380 152
T2,5 420 420 168
T2,5 457,5-DL 457,5 183
T2,5 480 480 192
T2,5 500 500 200
T2,5 (1)540 FA 540 216
T2,5 600 600 240
(1)FA
T2,5 620 620 248
T2,5 650 650 260
T2,5 780 780 312









T5 545 545 109
T5 550 550 110
T5 560 560 112
T5 575 575 115













T5 620 T5 620-DL 620 124

























T5 700 700 140
T5 720 720 144
T5 725 725 145
T5 750 T5 750-DL 750 150
T5 765 765 153
T5 780 780 156
T5 800 800 160









T5 900 900 180




188T5   940      























T5 1215 1215 243
T5 1315 1315 263
T5 1325-DL 1325 265
T5 1380 1380 276
T5 1500 1500 300
(2) FN = correa especial con tacos en lomo




























PASO T-10 / T-10DL
PASO T-20 / T-20DL
T10  1010 1010 101
T10  1080 1080 108
T10  1110 1110 111
T10  1140 1140 114
T10  1150 1150 115
T10  1210 T10 1210-DL 1210 121
T10  1240 T10 1240-DL 1240 124
T10  1250 T10 1250-DL 1250 125
T10  1300 1300 130
T10  1320 T10 1320-DL 1320 132
T10  1350 T10 1350-DL 1350 135
T10  1390 1390 139
T10  1400 1400 140
T10  1420 T10 1420-DL 1420 142
T10  1450 1450 145
T10  1460 1460 146
T10  1500 1500 150
T10  1560 1560 156
T10  1610 T10 1610-DL 1610 161
T10  1750 1750 175
T10  1780 1780 178
T10  1880 T10 1880 -DL 1880 188
T10  1960 1960 196
T10  2250 2250 225
T10  3100 3100 310
T10  4780 T10 4780 -DL 4780 478
T10 260 T10 260-DL 260 26






















T10 500 500 50
T10 530 T10 530-DL 530 53
T10 560 560 56
T10 600 600 60
T10 610 610 61
T10 630 T10 630-DL 630 63
T10 660 T10           660-DL       660 66
T10 680 680 68
T10 690 690 69
T10 700 700 70
T10 720 T10 720-DL 720 72


















T10 840 T10 840-DL 840 84
T10  850 850 85
T10  880 880 88
T10  890 890 89
T10  920 920 92
T10  960 960 96
T10  970 970 97
T10  980 T10 980-DL 980 98
(1) FA = correa con el lomo reforzado
T20 1260 1260 63
T20 1460 1460 73
T20 1780 1780 89




T20 2600 2600 130
T20 3100 3100 155
T20 3620 T20 3620-DL 3620 181




Correas de Poliuretano con cable de tracción de aramida.
M  -  T2  -  T2,5
(2) FN = correa especial con tacos en lomo
F-13
VENTAJAS DE SU FUNCIONAMIENTO
Posibilidad de carga superior
®Los dientes de correa estables mejoran el ataque y el reparto de la carga
®Las cuerdas de tracción reforzadas mantienen un paso constante y aseguran alta resitencia al desgarro.
®Mejora de capacidad de potencia hasta un 50%.
Movimiento exacto
®La extraordinaria estabilidad de los dos componentes de la correa dentada favorece el empleo de la correa con 
perfil AT para transmisiones en las que se exige alta precisión de transmisión de movimiento.
®®En sistemas lineales se pueden alcanzar con las correas dentadas Synchroflex   AT tolerancias no acumulativas 
inferiores a ± 0,1 mm. por metro de recorrido.
Marcha silenciosa
®Reducción de golpes por engrane (reducido efecto polígonal) 
®La elevada capacidad de carga posibilita un ancho mínimo de la correa y por consiguiente una disminución eficaz 
del ruido.
Economía
®Relación de potencia favorable por construcción compacta 
®Disminución de costes por la reducción del ancho de la transmisión
®Synchroflex
Synchroflex
CORREAS DENTADAS DE GRAN POTENCIA  "AT"
Poliuretano con cables de acero 
Pasos métricos  AT
Los factores que mas influyen en la posibilidad 
de carga de una transmisión por correa dentada 
son la capacidad de contacto de engrane y la 
resistencia de la cuerda de tracción.  Las correas 
dentadas Synchroflex® con perfil AT poseen 
elevada capacidad de contacto de engrane, 
debido al aumento volumen del diente.  Las 
fuerzas radiales son soportadas por las 
superficies de las cabezas de los dientes con 
seguridad.  La correas dentadas Synchroflex® 
con perfil AT llevan cuerdas de tracción 





CORREAS DENTADAS DE POLIURETANO SIN FIN


























PERFIL AT5AT3 AT10 AT20
t= paso mm. 53 10 20
a=altura total 2,71,9 5,0 9,0
d=altura diente 1,21,1 2,5 5,0
































































































































(1) FA = correa con el lomo reforzado







































































































































































































PASOS ESPECIALES AR - BR - CR - DR
PERFIL AR
0,76 2,05 1,27 0,92
1,31 3,5 2,17 1,82
1,83 4,88 3,05 2,44
42º 42º 42º 42º
BR CR DR
d = altura diente mm.
e = altura total mm.
c = ancho diente mm.
a = ángulo diente 
®Synchroflex
BR- 32 7,854 251,328 32
BR- 36 7,854 282,744 36
BR- 40 7,854 314,160 40
BR- 44 7,854 345,576 44
BR- 48 7,854 376,992 48
BR- 50 7,854 392,700 50
BR- 51 7,854 400,554 51
BR- 55 7,854 431,970 55
BR- 61 7,854 479,094 61
BR- 64 7,841 501,824 64
BR- 67 7,841 525,347 67
BR- 70 7,841 548,870 70
BR- 75 7,841 588,075 75
BR- 80 7,841 627,280 80
BR- 86 7,841 674,326 86
BR- 90 7,841 705,690 90
BR- 97 7,841 760,577 97
BR- 100 7,841 784,100 100
BR- 107 7,841 838,987 107
BR- 119 7,841 933,079 119
BR- 125 7,841 980,125 125
BR- 230 7,841 1803,430 230
AR- 28 4,706 131,768 28
AR- 36 4,706 169,416 36
AR- 39 4,706 183,534 39
AR- 43 4,706 202,358 43
AR- 45 4,706 211,770 45
AR- 46 4,706 216,476 46
AR- 53 4,706 249,418 53
AR- 54 4,706 254,124 54
AR- 56 4,706 263,536 56
AR- 60 4,706 282,360 60
AR- AR-62 62 DL 4,706 291,772 62
AR- 64 4,706 301,184 64
AR- 65 4,706 305,890 65
AR- 67 4,706 315,302 67
AR- 70 4,706 329,420 70
AR- 73 4,706 343,538 73
AR- 76 4,706 357,656 76
AR- 82 4,706 385,892 82
AR- AR-87 87 DL 4,706 409,422 87
AR- 94 4,706 442,364 94
AR- 98 4,706 461,188 98
AR- 127 4,706 597,662 127
AR- 148 4,706 696,488 148
AR- 157 4,706 738,842 157
AR- 202 4,706 950,612 202
F-17






























DR- 33 6,283 207,339 33
DR- 37 6,283 232,471 37
DR- 43 6,283 270,169 43
DR- 53 6,283 332,999 53
DR- 55 6,283 345,565 55
DR- 63 6,283 395,829 63
DR- 67 6,283 420,961 67
DR- 70 6,283 439,810 70
DR- 79 6,271 495,409 79
DR- DR-83 83DL 6,271 520,493 83
DR- 88 6,271 551,848 88
DR- 90 6,271 564,390 90
DR- 98 6,271 614,558 98
DR- 101 6,271 633,371 101
DR- 104 6,271 652,184 104
DR- 117 6,271 733,707 117
DR- 119 6,271 746,249 119
DR- 130 6,271 815,230 130
DR- 132 6,271 827,772 132
DR- 153 6,271 959,463 153
DR- 155 6,271 972,005 155
DR- 186 6,271 1166,406 186
DR- 188 6,271 1178,948 188
CR- 12,553 389,143 31
CR- 12,553 539,779 43
CR- 12,553 627,650 50
CR- 12,553 665,309 53
CR- 12,553 677,862 54
CR- 12,553 715,521 57
CR- 12,553 740,627 59
CR- 12,553 753,180 60
CR- 12,553 790,839 63
CR- CR- 12,553 828,498 66
CR- 12,553 866,157 69
CR- 12,553 878,710 70
CR- 12,553 941,475 75















CR- 12,553 979,134 78
CR- 12,553 1004,240 80
CR- 12,553 1016,793 81
CR- 12,553 1041,899 83
CR- 12,553 1067,005 85
CR- 12,553 1079,558 86
CR- CR- 12,553 1104,664 88
CR- 12,553 1179,982 94
CR- 12,553 1255,300 100
CR- 12,553 1380,830 110
CR- 12,553 1443,595 115
CR- 12,553 1493,807 119
CR- 12,553 1581,678 126
















V 100/3-F K 4730-F 100,92 3,060 0,974 33 1,2 0,8 0,7
V 148/3-F K 3626-F 150,10 3,263 1,039 46 0,9 0,6 1,2
V 149/4-F K 5870-F 149,13 4,983 1,588 30 1,8 1,2 1,0
V 150/5-F K 3950-F 150,09 5,176 1,648 29 1,6 1,5 1,3
V 158/4-F K 4186-F 158,26 4,522 1,439 35 1,5 1,0 1,2
V 161/5-F K 3961-F 160,67 5,951 1,894 27 2,0 1,5 1,5
V 165/3-F K 3978-F 164,74 3,581 1,140 46 1,0 1,0 1,3
V 167/4-F K 3628-F 167,32 4,522 1,439 37 1,5 1,0 1,2
V 170/4A-F K 4503A-F 169,45 4,459 1,419 38 1,5 1,0 1,0
V 172/4-F K 3880-F 172,22 4,921 1,566 35 1,6 1,5 1,2
V 174/3-F K 5385-F 174,90 3,300 1,052 53 1,0 1,0 1,2
V 177/5-F K 5841-F 177,80 5,080 1,620 35 1,2 1,2 0,85
V 180/6-FK K 4435-FK 180,36 6,219 1,980 29 2,5 1,4 1,0
V 190/4-F K 6238-F 190,13 4,572 1,441 42 1,3 1,2 1,4
V 202/5-FK K 4814-FK 202,80 5,703 1,841 35 1,8 1,2 1,0
V 203/5-F K 5369-F 203,20 5,080 1,617 40 1,37 1,27 0,8
V 206/6-F K 4662-FK 206,15 6,063 1,930 34 1,80 1,20 1,0
V 213/7-F K 3969-F 212,45 7,869 2,505 27 2,5 1,4 1,4
V 215/7-F K 3702-F 215,36 7,426 2,364 29 2,5 1,6 1,3
V 225/3-F K 6175-F 225,00 3,000 0,955 75 1,2 0,8 0,7
V 226/5-F K 4187-F 226,11 5,950 1,894 38 2,0 1,5 1,5
V 228/6-F K 5290-F 228,60 6,350 2,021 36 2,0 1,5 0,8
V 228/6-FA K 6222-FA 228,60 6,350 2,021 36 2,0 1,5 1,05
V 229/6-F K 3595-F 229,02 6,736 2,144 34 2,0 1,2 1,2
V 233/5-F K 5674-F 233,70 5,080 1,621 46 1,37 1,22 1,28
V 238/5-F K 3964-F 238,04 5,951 1,894 40 2,0 1,5 1,1
V 242/5-F K 4088-F 242,42 5,050 1,607 48 1,6 1,5 1,2
V 248/7-F K 3319-F 247,70 7,285 2,319 34 2,5 1,4 1,5
V 252/6-K K 3264-K 252,53 6,475 2,061 39 2,2 1,2 1,8
V 255/6-FK K 4891-FK 255,23 6,717 2,138 38 2,5 1,8 1,0
V 261/7-K K 3251-K 261,60 7,927 2,523 33 2,5 1,4 1,0
V 265/8-F K 3436-F 264,64 8,019 2,553 33 2,5 1,4 1,5
V 268/7-F K 3944-F 268,53 7,258 2,310 37 2,5 1,8 1,5
V 277/3-F K 5386-F 277,20 3,300 1,050
2,005
84 1,0 1,0 1,2
V 279/6-F K 6250-F 279,40 6,350 44 2,0 1,5 1,05
V 284/5-F K 5545-F 284,48 5,080 1,621 56 1,8 1,2 0,7
V 285/6-F K 5401 -F 285,75 6,350 2,024 45 1,8 1,2 1,0
V 290/3-F K 5388-F 290,44 3,300 1,050 88 1,0 1,0 1,2
V 291/7-F K 3584-F 290,25 7,256 2,310 40 2,5 1,4 1,6
V 29516-F K 3804-F 294,52 6,266 1,995 47 1,6 1,5 1,5
V 295/6A-F K 4469A-F 294,83 6,273 1,997 47 1,6 1,5 1,5
V 304/5-F K 5368-F 304,80 5,080 1,617 60 1,37 1,27 0,6
V 307/5-F K 4031 -F 306,89 5,202 1,656 59 1,6 1,5 1,3
V 309/7-FK K 4610-FK '310,69 7,226 2,300 43 2,2 1,6 1,3
V 310/5-F K 3888-F 309,58 5,953 1,895 52 1,8 1,5 1,5
V 316/3-F K 5406 316,80 3,300 1,052 96 1,0 1,0 1,2
V 323/3-F K 5098 323,40 3,300 1,052 98 1,0 1,0 1,2
V 337/7-F K 3498-F 337,05 7,660 2,438 44 2,5 1,6 1,45
V 341/7-F K 3673-F 340,28 7,734 2,462 44 2,5 2,0 1,4














mm.Tipo Nº  Molde
Nº  de 
dientes
F-19
V 360/6-F K 3805-F 360,59 6,934 2,207 52 2,5 1,8 1,4
V 361/6-F K 3776-F 360,33 6,929 2,206 52 2,5 2,0 2,0
V 364/7-K K 3282-K 364,46 7,923 2,522 46 2,5 1,4 1,8
V 367/7-FK K 4463-FK 367,03 7,060 2,241 52 2,5 1,4 1,4
V 367/7-F K 3791 -F 368,82 7,527 2,396 49 2,5 2,0 1,5
V 368/7-F K 4079-F 368,48 7,37 2,346 50 2,5 1,8 1,5
V 368/7-F K 3591 -F 368,82 7,527 49 2,5 1,6 1,3
V 370/6-F K 3803-F 369,84 6,268 1,996 59 1,6 1,5 1,5
V 375/6-FK K 4746-F 375,49 6,588 2,097 57 2,2 1,6 1,2
V 381/5-F K 6026-F 381,00 5,080 1,617 75 1,35 1,25 1,05
V 381/5-FK K 4773-FK 381,54 5,077 1,616 75 1,8 1,5 1,0
V 385/4-FK K 4759-FK 385,20 4,939 1,572 78 1,8 1,2 1,0
V 386/6-F K 4704-F 386,41 6,662 2,121 58 2,2 1,8 1,4
V 388/7-K K 3035-K 388,72 7,070 2,250 55 2,03 1,4 1,2
V 392/7-F K 3783-F 391,79 7,255 2,309 54 2,5 1,8 1,4
V 395/6-F K 5198-F 395,92 6,585 2,096 60 2,2 1,8 1,2
V 402/7-K K 3541-K 402,00 7,791 2,461 52 2,5 1,4 1,4
V 406/5-F K 6064-F 406,40 5,080 1,617 80 1,37 1,27 1,3
V 409/4-FK K 4834-FK 410,98 5,000 1,592 82 1,8 1,2 1,0
V 411/5-F K 3887-F 410,96 5,956 1,896 69 1,8 1,5 1,5
V 419/7-F K 3745-F 418,74 7,346 2,339 57 2,5 2,2 2,0
V 420/6-F K 3802-F 420,06 6,270 1,996 67 1,6 1,5 1,5
V 423/7-F K 3728-F 423,01 7,981 2,540 53 2,5 2,0 2,0
V 431/6-F K 3242-F 430,13 6,145 1,956 70 2,0 1,4 1,5
V 431/6-K K 3242-K 431,05 6,158 1,960 70 2,0 1,4 1,6
V 432/7-F K 3886-F 431,95 7,447 2,370 58 2,5 2,2 2,0
V 432/7-K K 3083-K 432,09 7,450 2,371 58 2,5 1,4 1,4
V 432/7-F K 3083-F 432,09 7,45 2,371 58 2,5 1,4 1,4
V 437/9-FK K 4720-K 437,70 9,950 3,167 44 3,5 2,5 1,6
V 438/9-F K 5095-F 439,07 9,525 3,032 46 3,2 1,8 1,2
V 440/5-F K 3998-F 439,83 5,712 1,818 77 1,6 1,5 1,2
V 443/7-K K 3594-K 443,00 7,383 2,350 60 2,5 1,4 1,4
V 444/7-F K 4276-F 444,19 7,403 2,357 60 2,5 1,8 1,4
V 446/7-F K 3743-F 445,80 7,430 2,365 60 2,5 1,8 1,5
V 448/7-F K 3903-F 447,56 7,852 2,499 57 2,5 1,4 1,5
V 449/7-K K 2947-K 489,15 7,880 2,508 57 2,5 1,4 1,8
V 449/9-K K 3509-K 449,21 9,358 2,979 48 3,2 2,2 1,9
V 450/7-F K 3034-F 449,46 7,023 2,510 64 2,5 1,4 1,2
V 457/6-K K 3406-K 457,37 6,352 2,022 72 2,2 1,2 1,6
V 459/9-F K 3690-F 458,09 9,182 2,923 50 3,0 2,5 1,7
V 463/7-F K 3794-F 463,92 7,249 2,307 64 2,5 1,8 1,5
V 468/7-K K 3315-K 468,63 7,559 2,406 62 2,5 1,6 2,0
V 473/7-K K 3086-K 473,47 7,284 2,319 65 2,5 1,4 1,6
V 474/7-F K 3785-F 473,20 7,394 2,354 64 2,5 1,8 1,5
V 480/7-K K 3471 -K 480,71 7,753 2,468 62 2,5 1,4 1,6
V 491/7-F K 3666-F 490,71 7,915 2,519 62 2,0 1,4 1,1
V 508/5-F K 6011 -F 508,00 5,080 1,620 100 1.32 1.22 1.32
V 510/10-F K 6142-F 510,00 10,000 3,183 51 3,5 2,5 1,6
V 351/2-F K 5999-F 351,80 2,645 0,843 133 1,5 1,0 0,6
V 353/7-F K 4289-F 353,27 7,210 2,295 49 2,5 1,8 1,88
V 354/6-F K 3653-F 353,84 5,997 1,909 59 2,2 1,4 1,5
V 356/7-F K 3722-F 355,80 7,261 2,311 49 2,5 1,8 1,4
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mm.Tipo Nº  Molde
Nº  de 
dientes
V 511/9-F K 3347-F 511,45 9,471 3,015 54 3,0 2,5 2,0
V 513/8-K K 3223-K 513,90 8,860 2,821 58 2,8 1,6
V 514/9-K K 3411-K 514,24 9,183 2,923 56 3,2 2,2 2,0
V 515/7-F K 3826-F 515,22 7,577 2,412 68 2,5 1,8 1,6
V 515/9-FK K 4741-FK 515,87 9,553 3,041 54 3,5 2,5 1,4
V 516/7-F K 3680-F 516,55 7,947 2,529 65 2,5 1,4 1,3
V 522/6-F K 4084-F 522,45 6,295 2,004 83 2,5 1,4 1,4
V 532/9-F K 3638-F 532,50 9,509 3,027 56 3,2 2,2 2,0
V 537/7-F K 3088-F 537,84 7,910 2,518 68 2,5 1,4 1,4
V 546/7-F K 3830-F 546,39 7,806 2,484 70 2,5 1,8 1,5
V 548/2-F K 5661 -F 548,64 2,54 0,809 216 1,0 0,7 0,6
V 552/6-F K 3703-F 552,46 6,278 1,998 88 2,2 1,2 1,2
V 555/7-FK K 4492-FK 555,40 7,823 2,490 71 2,5 1,8 1,3
V 563/9-F K 3897-F 563,78 9,720 3,094 58 3,2 1,8 2,0
V 567/5-F K 3974-F 567,26 5,971 1,901 95 2,0 1,5 1,5
V 570/9-F K 3840-F 570,70 9,205 2,930 62 3,0 2,5 2,0
V 571/9-F K 6114-F 571,50 9,525 3,039 60 3.20 1.91 1.69
V 574/7-F K 3890-F 574,66 7,561 2,407 76 2,5 2,2 2,0
V 583/9-F K 3723-F 582,52 9,709 3,090 60 3,0 2,5 2,0
V 592/7-F K 3754-F 592,17 7,896 2,513 75 2,5 2,2 2,0
V 609/5-F K 5546-F 609,60 5,080 1,619 120 1.36 1,2 0,7
V 609/4-F K 6037-F 609,60 4,233 1,348 144 1,8 1,2 1,0
V 620/6-FK K 3142-FK 620,23 6,969 2,218 89 2,5 1,4 1,3
V 620/6-F K 3142-F 620,21 6,969 2,218 89 2.5 1.4 1.5
V 623/9-F K 3206-K 623,60 9,744 3,102 64 3,2 1,6 1,5
V 626/6-F K 6255-F 626,54 6,265 1,990 100 1,6 1,5 1,5
V 628/6-F K 3782-F 628,32 6,283 2,000 100 2,2 1,8 1,8
V 629/9-F K 4593-F 629,55 9,992 3,187 63 3,5 2,5 2,0
V 635/5-F K 5394-F 635,00 5,080 1,617 125 1,32 1,2 0,6
V 651/7-F K 3297-F 651,52 7,239 2,304 90 2,5 1,4 1,6
V 685/5-F K 5605-F 685,80 5,090 1,624 135 1,36 1,2 0,7
V 686/9-F K 3971 -F 686,74 9,538 3,036 72 3,2 1,8 1,5
V 698/9-FK K 4585-FK 699,00 9,986 3,179 70 3,5 2,5 1,6
V 728/15-K K 5667-K 728,57 15,500 4,934 47 4,7 2,3 1,6
V 758/8-FA K 3708-FA 757,26 8,508 2,708 89 3,0 2,5 2,4
V 760/8-F K 5665-F 759,91 8,538 2,718 89 3,0 2,5 1,8
V 779/2-F K 5680-F 779,78 2,540 0,812 307 1,0 0,7 0,6
V 818/6-F K 3853-F 818,33 6,935 2,207 118 2,5 1,8 1,6
V 829/8-F K 3831 -F 828,50 8,630 2,747 96 3,0 2,5 2,0
V 850/4-F K 5782-F 850,68 4,032 1,285 211 1,3 1,2 1,9
V 853/5-F K 3770-F 853,17 5,966 1,899 143 1,6 1,5 1,3
V 859/6-F K 5328-F 859,40 6,095 1,940 141 2,44 0,92 0,9
V 862/13-F K 3764-F 861,41 13,252 4,218 65 3,2 2,8 2,5
V 870/9-F  K 3867-F 868,93 9,655 3,073 90 3,0 2,5 2,0
V 889/5-F K 5601 -F 889,00 5,080 1,619 175 1,8 1,2 1,0
V 901/9-F K 3777-F 900,16 9,185 2,924 98 3,0 2,5 2,5
V 910/10-F K 6155-F 910,00 10,000 3,183 91 3,5 2,5 1,6
V 912/7-F K 3661-F 911,74 7,473 2,379 122 2,5 1,6 1,5
V 914/12-F K 5692-F 914,40 12,700 4,051 72 4,3 2,2 1,85
V 933/9-FK K 4735-FK 933,45 9,525 3,032 98 3,2 1,8 1,2
V 939/9-F K 3878-F 939,16 9,583 3,050 98 3,2 1,8 1,5
V 962/9-F K 5187-F 962,05 9,525 3,032 101 3,1 2,2 1,65
V 969/6-F  K 5063-F 969,00 6,094 1,940 159 2,44 0,92 0,9




PASOS ESPECIALES   V ®Synchroflex
F-21
V 978/9-F K 5486-F 978,04 9,980 3,181 98 3,5 2,5
V 990/9-F K 5185-F 990,42 9,525 3,032 104 3,1 2,2 1,65
V 1000/9-F K 5202-F 999,68 9,525 3,032 105 3,1 2,2 1,65
V 1003/2-F K 6219-F 1003,16 2,073 0,659 484 0,6 0,42 0,80
V 1010/10-F K 6156-F 1010,00 10,000 3,183 101 3,5 2,5 1,60
V 1023/9-K K 3399-K 1023,81 9,307 2,963 110 3,2 2,2 2,0
V 1023/9-F K 3765-F 1022,22 9,293 2,958 110 3,0 2,5 2,5
V 1027/9-F K 4259-F 1026,78 9,420 2,998 109 3,0 2,5 2,0
V 1028/9-F K 5589-F 1028,70 9,525 3,035 108 3,1 1,9 1,65
V 1052/15-F K 6018-F 1052,40 15,708 5,000 67 5,0 1,7 3,0
V 1060/4-F K 6012-F 1059,68 4,975 1,585 213 1,8 1,2 1,0
V 1065/12-FK K4676-FK 1066,31 12,694 4,040 84 4,0 2,2 1,4
V 1080/4-F K 5746-F 1080,50 4,032 1,283 268 1,32 1,2 0,7
V 1097/5-F K 5993-F 1097,30 5,080 1,619 216 1,37 1,27 1,3
V 1102/6-F K 5776-F 1102,32 5,080 1,619 217 1,8 1,2 1,0
V 1104/9-F K 5435-F 1104,90 9,525 3,033 116 3,25 1,9 2,3
V 1106/2 -F K 6260-F 1106,30 2,922 0,838 392 0,76 0,51 0,59
V 1110/10-F K 6143-F 1110,00 10,000 3,193 111 3,5 2,5 1,6
V 1140/10-F K 3823-F 1138,33 10,945 3,484 104 3,2 2,8 2,5
V 1149/4-F K 5871-F 1149,03 4,032 1,285 285 1,32 1,2 0,7
V 1152/9-F K 5493-F 1152,53 9,525 3,035 121 3,1 1,9 1,65
V 1177/4-F K 5814-F 1177,26 4,032 1,284 292 1,3 1,2 0,9
V 1178/5-F K 5876-F 1178,56 5,080 1,619 232 1,8 1,2 1,0
V 1215/9-FA K 3316-FA 1213,45 9,334 2,971 130 3,0 2,5 2,0
V 1215/9-F K 5203-F 1213,45 9,334 2,971 130 3,2 1,8 2,0
V 1257/9-F K 5310-F 1255,20 9,525 3,032 132 3,1 2,2 1,65
V 1270/12-F K 5258-F 1270,00 12,700 4,043 100 4,45 2,18 2,01
V 1300/9-F K 5335-F 1300,62 9,425 3,000 138 3,0 2,5 2,0
V 1332/6-F K 3781-F 1331,15 6,279 1,999 212 2,2 1,8 1,8
V 1390/9-F K 5449-F 1390,65 9,525 3,035 146 3,25 1,9 1,3
V 1423/9-F K 5495-F 1422,53 9,553 3,039 149 3,5 1,9 1,3
V 1458/9-FK K 4377-FK 1460,49 10,000 3,184 146 3,50 2,5 1,6
V 1529/6-F K 4866-F 1528,74 6,291 2,002 243 2,2 1,8 1,3
V 1563/9-F K 4035-F 1561,52 9,407 2,994 166 3,0 2,5 2,0
V 1584/5-F K 5600-F 1584,96 5,080 1,619 312 1,8 1,2 1,0
V 1635/9-F K 3340-F 1632,32 9,382 2,986 174 3,0 2,5 2,5
V 1637/9-F K 4582-F 1633,90 9,390 2,989 174 3,0 2,5 2,5
V 1676/12-F K 5262-F 1672,51 12,674 4,034 132 4,4 2,3 1,95
V 1778/12-F K 5260-F 1777,55 12,700 4,043 140 4,4 2,3 1,4
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PASOS ESPECIALES   V ®Synchroflex
POLEAS PARA PASOS ESPECIALES
Rogamos consulten para el posible suministro de poleas para las correas de pasos especiales 
®Synchroflex .
Fabricación bajo plano de poleas para los pasos  AR - BR - CR - DR - V
Tambien disponible programa standard de suministro de poleas para las correas dentadas 
®Synchroflex   en los pasos  K1,5 - M - T2 - AT20 - ATP10 
F-22
V 409/4-DL K 4834-DL 409,08 4,989 1,588 82 1,8 1,8 1,2 1,2 1,0
V 431/5-DL K 6038-DL 431,90 5,080 1,617 85 1,37 1,37 1,27 1,27 0,81
V 454/7-DL K 3460-DL 453,42 7,818 2,489 58 2,2 2,5 1,0 1,4 1,2
V   461/5-DL K 3760-DL 460,86 5,486 1,746 84 1,6 1,6 1,5 1,5 1,1
V   551/7-DL K 3304-DL 550,16 7,536 2,399 73 2,8 2,5 1,6 1,6 1,5
V   758/8-DL II K 3708-DL II 752,51 8,511 2,709 89 3,0 5,5 2,5 2,0 2,7
V   785/6-DL K 4592-DL 785,22 6,282 2,000 125 2,2 2,2 1,5 1,5 0,9
V 1215/9-DL K 3316-DL 1212,51 9,327 2,969 130 3,2 3,2 1,8 1,8 1,7
V 1357/6-DL K 3579-DL 1356,03 6,919 2,201 196 2,2 2,2 1,8 1,8 1,3
V 1635/9-DL K 3340-DL 1632,32 9,390 2,986 174 3,0 3,0 2,5 2,5 2,3
V 1635/9-DL I K 3340-DL I 1633,88 9,390 2,989 174         3,0 3,0 2,5 2,5    2,3




















mm.Tipo Nº  Molde
































































Referencia    Desarrollo mm.  Nº  Dientes 
Referencia    Desarrollo mm.  Nº  Dientes 
Referencia    Desarrollo mm.  Nº  Dientes 









®SynchroflexCORREAS DENTADAS DE ALTA POTENCIA  "ATP"
®Las correas de alta potencia Synchroflex ATP,  están fabricadas en poliuretano resistente y 
cables de tracción en acero de alta calidad.
La combinacion de estos dos materiales forman la base de las correas ATP, de grán capacidad 
de transmisión y precisión.
El diseño del dentado de las correas ATP aumenta en un 70 % la superficie de contacto entre 
el diente de la correa y la polea, aumentando en un 60 % más la potencia transmitida y 
disminuyendo el ruido hasta 10 dBA
F-24
®SynchroflexCORREAS DENTADAS DE ALTA POTENCIA  "ATS"
®Las  correas Synchroflex AT,  se complementan con los accionamientos ATS.
Estos representan la respuesta ideal para las dificultades en la transmisión de altas potencias 
o movimientos exactos. Esto se consigue con un refuerzo de la cuerda de tracción variando la 
sección del cable y el número de ellos por correa y aumentando el número de dientes de 
tracción.
Los tipos construidos son:   ATS3 ,  ATS5 y  ATS10
t
Longitudes standard
ATS 3 ATS 5 ATS 10
(t = paso 3mm.) (t = paso 5 mm.) (t = paso 10 mm.)
longitud de la correa en mm. longitud de la correa en mm. longitud de la correa en mm.
150 225 455 720 500 960 1300
201 255 480 750 560 980 1320
252 260 500 780 580 1000 1350
267 280 525 825 600 1010 1360
270 300 545 860 610 1050 1400
300 330 600 975 660 1080 1480
351 340 610 1050 700 1100 1500
399 375 620 1125 730 1150 1600
417 390 630 1500 780 1200 1700
450 420 660 1750 800 1210 1720
501 450 710 2000 840 1250 1800
549 890 1280 1860
600 920 1940
816
tipo de correa sección del paso del núm mín. de núm. mín de Zt max Fu spez FL
cable (mm) cable (CM) dientes de la dientes núm. máx. de (N /  cm)
(N)
polea en caso de la polea dientes
fuerza de
tracción máx.
de contraflexión sin contraflexión engranados por cable
ATS 3/...- E 3/5 0,3 0,05 18 15 20 21 30
ATS 3/...- E 6/8 0,6 0,08 26 22 24 21 84
ATS 5/...- E 6/8 0,6 0,08 18 14 20 35 84
ATS 5/...- E 9/11 0,9 0,11 24 20 24 35 172
ATS 10/...- E 9/11 0,9 0,11
16
12 20 70 172
ATS 10/...- 12/15 1,2 0,15
22
18 24 70 360
Características de Carga
®La capacidad de la correa Synchroflex  ATS se caracteriza por la resistencia de los dientes y la de los cables 
de tracción.
Anchos standard: 
ATS3      4     6    10   16   25
ATS5     6    10   16   25   32





mm.Tipo TipoNº  Molde Nº  Molde
K 3969-Z 212,95 0,8 0,15
AF 24 51669-Z 113,08 0,8 0,275 0,15
K 5111-Z 253,74 0,4 0,15
AF 56 51772-Z 263,16 0,8 0,4 0,15
K 5558-Z 314,16 2,0 0,6
AF 67 51601-Z 315,70 0,7 0,275 0,15
AF 76 39669-Z 357,30 0,8 0,4 0,15
K 5428-Z 315,73 0,6 0,15
AF 87 38919-Z 409,57 0,85 0,575 0,15
K 5651-Z 330,00 0,4 0,15
AF 108 39796-Z 508,39 0,7 0,275 0,15
K 5691 -Z 435,00 0,4 0,15
AF 138 39847-Z 649,60 0,8 0,275 0,15
K 5030-Z 494,14 0,45 0,3
AF 140 40121-Z 659,03 0,60 0,275 0,15
K 5430-Z 501,84 0,5 0,3
AF 148 39631-Z 695,57 0,80 0,275 0,15
K 4638-ZW 570,04 0,45 0,3
BF 44 38852-Z 345,57 0,9 0,45 0,3
BF 64 38805-Z 501,85 0,9 0,45 0,3
52648-Z 695,57 0,275 0,15
BF 67 38902-Z 525,70 0,9 0,45 0,3
K 5112-Z 738,64 0,4 0,15
BF 70 39980-Z 548,90 0,9 0,45 0,3
K 3708-Z 762,00 1,3 0,3
CF 66 38917-Z 828,55 1,4 0,7 0,6
K 5578-Z 959,40 0,5 0,3
DF 33 38945-Z 207,34 0,9 0,45 0,3
K 5178-Z 1240,00 0,8 0,6
DF 45 39839-Z 282,74 0,9 0,45 0,3
K 4377-Z 1458,50 0,45 0,3

































DF 153 39979-Z 959,40 0,9 0,45 0,3
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   K1      K1,5
t=paso mm.            1        1,5
a=altura diente     0,45     0,6
b=altura total       0,95     1,2
K1 / 279 279
K 1,5/ 57 38
K 1,5/ 64 43
K 1,5/ 100 67
K 1,5/ 165 110
































Nº  de 
dientes
®SynchroflexCORREAS DENTADAS    K1  -   K1,5
Correas dentadas de poliuretano 
Dentado estriado triangular




Correas de Poliuretano con cable de tracción de aramida.
K1,5
F-27
CORREAS DENTADAS DE POLIURETANO CON CABLE DE ACERO 
Synchroflex-GEN III
F-27-B
La intensa labor de desarrollo realizada sobre las correas
Synchroflex de la serie AT y ATP para transmisión de potencia
ha proporcionado unos resultados excelentes.  Con la nueva
generación se ha podido aumentar la capacidad de
transmisión de potencia hasta un 25 % respecto a la estándar
AT/ATP.  Otra ventaja económica es que todas las
Synchroflex Gen III  pueden ser montadas sobre poleas
AT/ATP estándar.
El nuevo poliuretano de alto rendimiento, desarrollado
intensívamente por nuestro equipo de químicos de I+D se
distingue por un aumento considerable de las prestaciones.
Así, entre otras cosas, al aumentar la dureza, puede tenerse
en cuenta en el cálculo un número mayor de dientes portantes.
t c
d a
CORREAS DE POLIURETANO SIN FIN        GEN III
Poliuretano con cables de acero             GEN III 





AT-3  GEN III



















PERFIL AT5AT3 AT10 ATP10
t= paso mm. 53 10 10
a=altura total 2,71,9 5,0 5,0
d=altura diente 1,21,1 2,5 2,5
































































































































(1) FA = correa con el lomo reforzado
(2) FN = correa con tacos en el lomo
F-27-C
     700 70
     780 78
     840 84
     890  89
920                            92
















     660 66
PASO 
PASO 
AT-10   GEN III












































































































































Modular Directional Valve 
2 Control block EDD | Modular Directional Valve
Bosch Rexroth Oil Control S.p.A. introduces the EDD size 08 
directional control valve with up to 80 l/min to the Bankable 
product line. These allow electrohydraulic control of actua-
tors (motor or cylinders) in open circuit applications. It is an 
ideal solution for mobile and industrial applications when 
the required flow rate is over standard D03.
Features
 f Modular directional elements
 f Up to 80 l/min (21 GPM) flow for single functions.
 f Same flange interface as the ED series 
 f Optional Integrated antishock valve on A & B ports
 f Direct acting solenoid operated directional spool
Advantages
 f Cast body design for performance to size and weight  
optimization
 f Streamlined design for minimized pressure drop
 f Efficient solenoid system to maximize flow capacity and 
spool shift performance
 f Zinc plated body and pole tubes for superior corrosion 
resistance
 
EDD - Technical Data
 f Max. pressure: 310 bar (4500 psi),  A & B: 380 (5500 psi)
 f Max. flow: 80 l/min (21 GPM)
 f Ports connection: A & B, SAE 10




 f 1. Telehandler
 f 2.  Cranes
 f 3.  Drilling machine
 f 4.  Truck mounted crane
 f 5.  Road sweeper
 f 6.  Garbage truck
 f 7.  Hook loader
 f 8.  Dozer
 f 9.  Special excavators
 f 10. Forest machinery
 f 11. Fork lift truck
 f 12. Aerial work platform
 f 13. Scissor lift
 f 14. Tractors










4 Control block EDD | Modular Directional Valve
Assembly drawing example
 f Compact design 
 f Common valve interface; can be mounted with all types 
of ED- and Ti-series bankable sections
 f Simplified hydraulic circuit
 f Integrated antishock valve on A/B
 f Electrically operated on-off direct acting elements with 
optional LS
EDD – Control block
Anticavitational and antishock EDD Modular valve
Solenoid operated, spring return, 4/2 or 4/3 directional control valves.
Load sense, A & B port anti-shock, and anti-cavitation options available.
 Modular Directional Valve | Control block EDD  5
Port SAE 10
Maximum flow l/min (gpm) 80 (21)
Maximum operating pressure P bar (psi) 310 (4500)
A, B bar (psi) 380 (5500)
T bar (psi) 250 (3625)
Maximum number of directional valves 10
Actuation Electrical Solenoid operated direct acting on/off
Override type Push button, screw type
Voltage supply DC: 12, 13, 24, 27, 48     RAC: 24, 110, 230
Electrical connections DIN EN 175301-803, AMP-J, Deutsch DT04-2P
EDD – Modular directional valve
6 Control block EDD | Modular Directional Valve
Congurations
Options
Only angiable version = M
Spool variants
EDD – Configurations Congurations
Options
Only angiable version = M
Congurations
Options
Only angiable version = M
Secondary valves, possible configurations
Flangiable version = M Spool Variants
 Modular Directional Valve | Control block EDD  7
EDD – Cross section 
Principles of operation, cross section
The sandwich plate design directional valve elements D8_5 are compact direct operated solenoid valves which control the 
start, the stop and the direction of the oil flow. These elements basically consist of a stackable housing (1) with a control 
spool (2), one or two solenoids (5), and one or two return springs (4). The spring chambers are connected to the tank port. 
When the coil is energized, the spool (2) travels and oil is pushed to tank from one of the spring chambers. When ener-
gized, the force of the solenoid (5) pushes the control spool (2) from its neutral-central position to the required position, 
and the required flow from P to A (with B to T), or P to B (with A to T) is achieved. Once the solenoid is de-energized, the 
return spring (4) pushes the spool thrust washer (3) back against the housing and the spool returns in its neutral-central 
position. Each coil is fastened to the solenoid tube by a ring nut (6). A pin (7) allows to push the spool (2) in emergency 
conditions, when the solenoid cannot be energized, like in case of voltage shortage. The secondary cartridge valves are 
designed for quick response and stable pressure control (8); they also incorporate a reverse flow check for anti-cavitation.
Bosch Rexroth Oil Control S.p.A.
Via L. da Vinci, 5
I - 41015 Nonantola (MO), Italy
Tel  +39 059 887 611
Fax +39 059 547 848
www.boschrexroth.com/compacthydraulics
compact-hydraulics-cdv@boschrexroth.com
The data specified above only serve to describe the product. No statements 
concerning a certain condition or suitability for a certain application can be 
derived from our information. The information given does not release the user 
from the obligation of own judgment and verification. It must be remembered 
that our products are subject to a natural process of wear and aging.
RE 98352/09.2013  
© Bosch Rexroth Oil Control S.p.A. - All rights reserved.
Printed in Italy
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• Construcción muy pequeña
• Alta resistencia climática
• 12 bit Singleturn
• Salida analógica
• Protección contra sobretensiones
e inversiones de polaridad
Descripción del producto
Este encoder absoluto con muestreo magnético in-
terno incluye una salida analógica. El valor de ajus-
te de la corriente se corresponde con el ajuste del 
eje.
El encoder se puede programar fácilmente medi-
ante entradas eléctricas y botones.
Datos técnicos
Datos generales
Modo de detección Exploración magnética
Tipo de dispositivo Encoder absoluto monovuelta
Rango de medición mín. 0 ... 22,5 ° 
máx. 360  °
Resolución 12 Bit
Datos eléctricos
Tensión de trabajo UB 12 ... 30 V CC , PELV
Consumo de corriente tip. 15 mA
Entrada 1
Modo de entrada límite inferior de rango de medición
Tensión de la señal 
High 12 ... 30 V CC
Duración de la señal ≥ 1 s
Entrada 2
Modo de entrada límite superior de rango de medición
Tensión de la señal 
High 12 ... 30 V CC
Duración de la señal ≥ 1 s
Salida analógica
Tipo de salida 
Preajuste 
Error de linealidad 
1 salida analógica
Rampa ascendente con rotación hacia la izquierda 
≤ 0,15  %
Conexión
Conector Conec. macho M12, 5 polos
Cable Ø6 mm, 4 x 2 x 0,14 mm2, 1 m
Conformidad con estándar
Grado de protección acc. DIN EN 60529
Lado de la conexión con salida del cable: IP54 
con salida del conector IP65
Lado del eje IP54
Control climático DIN EN 60068-2-3, sin aturdimiento
Aviso de perturbación EN 61000-6-4:2007
Resistencia a la perturbación EN 61000-6-2:2005
Resistencia a choques DIN EN 60068-2-27, 100 g, 6 ms
Resistencia a las vibraciones DIN EN 60068-2-6, 10 g, 10 ... 1000 Hz
Condiciones ambientales
Temperatura de trabajo cable, móvil: -5 ... 70 °C (268 ... 343 K),
cable, fijo: -30 ... 70 °C (243 ... 343 K) 
con salida del conector -40 ... 85 °C (-40 ... 185 °F)
Temperatura de almacenaje con salida del cable: -30 ... 70 °C (-22 ... 158 °F) 
con salida del conector -30 ... 85 °C (-22 ... 185 °F)






Masa aprox. 150 g , con Cable
Velocidad de rotación máx. 12000 min -1
Momento de inercia 30  gcm2
Momento de arranque < 3 Ncm
Carga sobre el eje 
Axial 20 N
Radial 40 N
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4 x M3 x 0.5, 6H
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Descripción de las funciones del encoder giratorio
Ajustes de serie
Programación de encoders sin botones de funcionamiento
Creación de la escala del rango de medición
Utilice las entradas de señal "Set 1" y "Set 2" para crear la escala del rango de medición (rango de medición mínimo: 22,5°).
1. Gire el eje del encoder giratorio a la posición 1 (límite de rango de medición inferior).
2. Conecte la entrada de señal "Set 1" a una fuente de potencial alto (12 V CC < potencial alto < +UB) durante 1 segundo.
3. Conecte la entrada de señal "Set 1" a tierra.
4. Gire el eje del encoder giratorio a la posición 2 (límite de rango de medición superior).
5. Conecte la entrada de señal "Set 2" a una fuente de potencial alto (12 V CC < potencial alto < +UB) durante 1 segundo.
6. Conecte la entrada de señal "Set 2" a tierra.
Ya se ha creado la escala de la salida analógica según el rango de medición programado, y el encoder giratorio funcionará en el modo normal.
Restablecimiento de los ajustes de serie
1. Conecte las entradas de señal "Set 1" y "Set 2" a una fuente de potencial alto (12 V CC < potencial alto < +UB) durante 1 segundo.
El rango de medición se restablecerá a los ajustes de fábrica.
Programación de encoders con botones de funcionamiento
Creación de la escala del rango de medición
Utilice los botones de funcionamiento "Lim1" y "Lim2" para crear la escala del rango de medición (rango de medición mínimo: 22,5°).
1. Pulse los dos botones de funcionamiento ("Lim1" y "Lim2") a la vez. Ambos LED se iluminarán. Pulse los botones de funcionamiento y man-
téngalos pulsados durante 15 segundos hasta que los dos LED empiecen a parpadear. El encoder giratorio estará ahora en el modo de pro-
gramación.
2. Gire el eje del encoder giratorio a la posición 1 (límite de rango de medición inferior).
3. Pulse el botón de funcionamiento "Lim1" y manténgalo pulsado durante 1 segundo. El LED verde se encenderá de forma permanente.
4. Gire el eje del encoder giratorio a la posición 2 (límite de rango de medición superior).
5. Pulse el botón de funcionamiento "Lim2" y manténgalo pulsado durante 1 segundo.
Conexión eléctrica
Señal Extremo de cable Conector M12
Salida analógica Verde 1
+Vs (encoder) Rojo 2
GND (encoder) Amarillo 3
Ajuste 2 Blanco 4
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Ya se ha creado la escala de la salida analógica según el rango de medición programado, y el encoder giratorio funcionará en el modo normal.
Solo se encenderá el LED verde.
Restablecimiento de los ajustes de serie
1. Pulse los dos botones de funcionamiento ("Lim1" y "Lim2") a la vez. Ambos LED se iluminarán. Pulse los botones de funcionamiento y man-
téngalos pulsados durante 30 segundos. Tras 15 segundos, los dos LED empezarán a parpadear.
Una vez que el LED verde se apague y el LED amarillo se encienda de forma permanente, el rango de medición se habrá restablecido a los
ajustes de serie .
Indicadores LED de estado
El encoder giratorio dispone de dos LED de estado. Estos LED tienen tres estados posibles: apagado, parpadeante o encendido. Los LED uti-
lizan diferentes combinaciones de estos estados para indicar el estado del encoder giratorio.
Propiedades de la salida analógica
Según su diseño, el encoder giratorio proyecta la posición angular actual del eje del encoder giratorio en forma de un valor de tensión o corriente
analógica. El siguiente gráfico muestra los valores que acepta la salida en las distintas posiciones angulares:
Leyenda:
n = número entero entre 1 y 16
1) Consulte el número de modelo
2) Desbordamiento a 360°, 720°, 1.440°, 2.880°, 5.760°, etc. según la escala ajustada.
LED amarillo LED verde Descripción
Encendido Apagado Funcionamiento del encoder giratorio con los ajustes de serie
Apagado Encendido Funcionamiento del encoder giratorio con un rango de medición en 
escala (ajuste específico del cliente)
Encendido Encendido Modo de programación iniciado (estado temporal)
Parpadea Parpadea Encoder giratorio en modo de programación
Encendido Parpadea Posición 2 definida, esperando la posición 1
Parpadea Encendido Posición 1 definida, esperando la posición 2
Tipo de encoder1)
Posición angular









0° - 180° - 360° -
En 
escala
0° Límite de rango de 
medición inferior
- Límite de rango de 
medición superior










0° - 24 x 180° - 24 x 360°
En 
escala2)
0° Límite de rango de 
medición inferior
- Límite de rango de 
medición superior
2n x 360° Límite de rango de 
medición inferior
Lim1 Lim2
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Tipo de salida del 
encoder
Valor de la salida analógica
A B Centro C D
0 V ... 5 V - 0 V 2,5 V 5 V -
0,5 V ... 4,5 V 0,25 V 0,5 V 2,5 V 4,5 V 4,75 V
0 V ... 10 V - 0 V 5 V 10 V -
0,5 V ... 9,5 V 0,25 V 0,5 V 5 V 9,5 V 9,75 V
4 - 20 mA 3,6 mA 4 mA 12 mA 20 mA 22 mA
0 - 20 mA - 0 mA 10 mA 20 mA -
Código de pedido
I V S 3 6 M – 0 3 S N – 0 0 1 2





5 4 mA ... 20 mA
6 0 mA ... 20 mA
Opción 1
0 ninguna





K1 Cable de Ø6 mm, 4 x 2 x 0,14 mm2, 1 m
BD Conector, M12 x 1, 5 clavijas
Dimensión de eje/versión de brida












n Replacement for type RIS and RI 31
n The economical encoder for small appliances






- tampon printing machines
- miniature grinding machines
Shaft diameter 5 mm / 6 mm
Absolute max. shaft load radial 30 N (6.5 lbs), axial 15 N (3.3 lbs)
Absolute maximum speed max. 6,000 RPM
Torque ≤ 0.05 Ncm
Protection class (EN 60529) Housing IP 50, bearings IP 40
Operating temperature –10 … +60 °C
Storage temperature –25 … +85 °C
Vibration proof (IEC 68-2-6) 100 m/s2 (10 … 2,000 Hz)
Shock resistance (IEC 68-2-27) 1,000 m/s2 (6 ms)
Type of connection 1.5 m cable axial/radial 1)
Material Housing: plastic; Flange: aluminium
Flange Round flange
Weight ca. 50 g
Bearing life 2.4 x 109 revolutions (typ.) at 35 % of full rated shaft load
2.4 x 108  revolutions (typ.) at 75 % of full rated shaft load
2.4 x 107 revolutions (typ.) at 100 % of full rated shaft load




5 / 10 / 20 / 25 / 30 / 50 / 60 / 100 / 120 / 128 / 200 / 250 / 256 / 288 / 300 / 360 / 400 / 500
/ 512 / 600 / 720 / 900 / 1,000 / 1,024 / 1,250 / 1,500
Other numbers of pulses available on request
TECHNICAL DATA
electrical
General design as per DIN VDE 0160, protection class III, 
contamination level 2, overvoltage class II
Supply voltage with push-pull (D): 5 VDC ± 10 %
(SELV) with push-pull (K): 5 VDC 1) ± 10 % oder 10 ... 30 VDC 1)
Power consumption 40 mA (5 VDC), 60 mA (10 VDC), 30 mA (24 VDC)
Standard- push-pull (K, D): A, B, N, Alarm
Output versions 2)
1) Other cable length on request
1) Pole protection




Description (push-pull) Lead Ø mm2 Colour
5 VDC/10-30 VDC 0,5 red
Channel A 0,14 white
Channel B 0,14 green




R I 3 2 – / ·R 10
1) flattened, see dimensioned drawing
2) not flattened
3) only with output K






E 10 … 30 VDC 3)




1 6 mm 1)














R for alternating bending > 100 mm
R for permanent bending > 40 mm
D01 D02 D03 D04 D05 D06 D08










MK V 1 1 D 40     G
 D45 D46 D47 D53 D59 D49









screw terminals with self-lifting plate
Actuator (see following pages)
with pin
with pin




silver contacts gold plated 1 μm





General purpose microswitches for heavier duty
applications
   High precision snap action mechanism
   16A 250V AC resistive rating (Ith)
   Wide range of actuator styles
   Screw terminals with self lifting plate
   10 million mechanical operation cycles
There are other options possible, if you can not see the option you require please contact IMO.
Protection degree IP20, IP40 or IP65
Versions with positive opening
Mechanically interchangeable with previous











Microswitches for safety applications
All microswitches that have        beside the part number are with a positive opening mechanism
therefore suitable for safety applications.
These microswitches are provided with a rigid connection between the actuating plunger and the 
NC contacts, which means these are opened by force through a strong/sturdy internal safety lever.
The positive opening is in conformity with the IEC 60947-5-1 standard and as such these microswitches 
are suitable for installation in protection application.
Contact block reliability
In the following table we refer to the typical microswitch contact structure (type A) normally used in the industry, compared with the innovative
solution that IMO Precision Controls uses in new MK series microswitches: movable contact with single interruption and double contacts (type B).
As you can see from the t
A) and a lower probability of failure ( fe).
type B the probability fe= x 2.This means that if in a certain situation the failure probability x is equal, for instance, to 1 x 10 -4 (1 failed interruption 
every 10.000), we will have:
- in type A one failed commutation every 10.000
- in type B one failed commutation every 100.000.000
The MK series of microswitches has been developed with added features to replace the existing MV range. 
The main features of the new range have been kept the same as the existing MV range to allow for interchangeability. 
However, extra features have increased the application field where these switches can be used.
The innovative feature of this series is the tripping device which has evolved with the use of modern technology,
allowing added features that offer a higher number of solutions when compared with similar devices currently
present in the market.
The contacts of the new MK range have a higher reliability factor which has been achieved with the use of double
 contacts and with the possibility of use where positive opening of the contact is required.
The housing has been designed so a gasket can be added as an option in order to seal the device against fine
dust or liquids up to IP65.
The terminals are more practical and allow for connection of a wider range of cable diameters.  There are also options 
available with Fast-On terminals, with the choice of three different terminal exit angles
Introduction
Extended temperature range
On request the new MK series are also available with an extended temperature range.  Where the IMO standard MK 
microswitches have a temperature range of -25°C +85°C to , these special versions can be used in places where the
ambient temperature changes from -40°C to +85°C leading to possible installation inside cold stores, sterilizers or 
other equipment using very low ambient temperatures. Special materials have been used to realize these versions
and these allow the specifications and features to remain unchanged under these conditions, thereby widening the 
installation possibilities.




























By installing microswitches type MKV11xxx with terminal cover 
VFC01 it is possible to obtain a microswitch that is IP20.
Protection degree IP40
By installing microswitch types MKV11xxx with terminal cover VFC02
it is possible to obtain a microswitch that is IP40.
Protection degree IP65
By installing microswitch types MKV12xxx (not stocked) with terminal
covers VFMKCV22 or VFMKCV23 it is possible to obtain a microswitch
that is dustproof and waterproof and hence achieve IP65.
Microswitch
Terminal cover
Terminal covers with cable gland entry
The clamping mechanism of the MK microswitches has been designed to allow for connection of different
diameter cables.  The clamping plate is designed in such a way to force the cable towards the screw hence 
achieving the most robust termination possible for all cable sizes within its specification.
Terminal covers can be supplied that incorporate 
a trap cable gland to achieve a protection level 
up to IP65.
These terminal covers are snap-in assembled
and when used they will increase the size of 
the microswitch.  The use of these covers
can also be extended to installations where




Clamping screw terminal for different size cable
he microswitches have been designed to T
low the user to rotate the actuator head al
oller plunger types only) by 90° steps and this(r
possible by removing the holding screws,is 
otating the head and then refitting ther
crews back. s
Technical data
In conformity with standards:
IEC 60947-5-1, EN 60947-5-1, IEC 60529, EN 60529.
Approvals:
UL 508
MK series : min. 1 x 0,34 mm 2 (1 x AWG 22)
max 2 x 1,5 mm 2 (2 x AWG 16)
Housing
Made of glass-reinforced polymer, self-extinguishing, shock-proof thermoplastic
resin.
Protection degree: IP20 (with protection VF C01 - VF C03)
IP40 (with protection VF MKC t 1t - VF C02)
IP65 (with protection VF MKC t 22 - VF MKC t 23)
according to EN 60529
General data
Ambient temperature: from -25°C to +85°C (-40oC option)
Max operating frequency: 3600 operations cycles 1/hour
Mechanical endurance: 10 million operations cycles 1
Driving torque for installation: see pages 6/1-6/10
(1) One operation cycle means two movements, one to close and one to open contacts, as foreseen by EN 60947-
5-1 standard.
Thermal current (Ith): 16 A
Rated insulation voltage (Ui): 250 Vac 300 Vdc
Conditional shot circuit current: 1000 A according to EN 60947-5-1
Protection against short circuits: fuse 10 A  500 V type gG
Pollution degree: 3
Dielectric strength 2000 Vac/min.
Electrical data Utilization categories
In conformity with requirements requested by:
Low Voltage Directive 2006/95/EC, Machinery Directive 2006/42/EC and
Electromagnetic Compatibility 2004/108/EC.
Positive contact opening in conformity with standards:
IEC 60947-5-1, EN 60947-5-1, EN 60947-5-1, VDE 0660-206.
Installation for safety applications:
Use only switches marked with the symbol .The safety circuit must always be connected with the NC contacts (normally closed contacts) as
stated in the standard EN 60947-5-1, encl. K, par. 2 .The switch must be actuated by a travel length that is at least up to the positive opening travel (POT)
value of which is lister near the code article.The switch must be actuated  at least with the positive opening force (POT) , value of which is listed near the code article.
Data type approved by UL
Utilization categories Q300 (69 VA, 125-250 Vdc)
A300 (720 VA, 120-300 Vac)
In conformity with standard: UL 508
Alternate current: AC15  (50 ... 60 Hz)
Ue (V) 250 120
Ie (A) 6 6
Direct current: DC13
Ue (V) 24 125 250
Ie (A) 5 0,6 0,3
Main data
Polymer housing
 High reliability contacts
Protection degree IP20, IP40 or IP65
4 terminal types available
 47 actuators available
Versions with positive opening
 Silver contacts gold plated versions
Terminal covers with wire trap cable gland
 Mechanically interchangeable with previous
products (see cross reference section)







































































































































POT positive opening travel 
OF operating force
RF releasing force
POF positive opening force
Legend
Wire diagram
Contacts with single interruption and
double contacts
With direct and back direct action (F, D) With inverted action (R)
Microswitches with direct action 10 pcs  packs
Microswitches MK Series






















































































































































































































































































































Fixed only by threaded head






















































































































































































































































It switch It does not switch
Hand operated
Cross reference (all new parts are stocked)
P/N OF RF PT OT MD P/N OF RF POF PT OT MD PO
MV17 3.57 2.04 0.5 5.5 0.05 MKV11D17 4 3 20 No change No change No change 2.2
MV15 3.57 2.04 0.5 5.5 0.05 MKV11D15 4 3 20 No change No change No change 2.2
MV40 0.61 0.41 8 5 1 MKV11D40 0.86 0.66 N/A 6.7 7.8 0.8 N/A
MV10 3.57 2.04 0.5 5.5 0.05 MKV11D10 4 3 20 No change No change No change 2.2
MV35 0.33 0.27 20 15 4 MKV11D35 0.28 0.22 N/A 19 16.7 2.5 N/A
MV06 3.57 2.04 0.5 2 0.05 MKV11D06 4 3 20 No change 3 No change 2.2
MV45 1.12 0.71 3.5 2.5 0.6 MKV11D45 1.66 1.28 N/A No change 4.5 0.4 N/A
MV05 3.57 2.04 0.5 1.5 0.05 MKV11D05 4 3 20 No change 2 No change 2.2
MV42 0.82 0.51 6 3 0.8 MKV11D42 1.09 0.84 N/A 5.3 5.7 0.6 N/A
MV01 3.57 2.04 0.5 0.2 0.05 MKV11D01 4 3 N/A No change 1.5 No change N/A
MV12 5.61 4.08 1 5 0.05 MKV11D12 4.5 3 20 0.5 5.5 No change 2.2
MV30 0.51 0.31 10 6 1.5 MKV11D30 0.65 0.5 N/A 9 1.1 No change N/A
MV09 3.57 2.04 0.5 5.5 0.05 MKV11D09 4 3 20 No change No change No change 2.2




OF= Operating Force (maximum)











































Article Description Protection 
degree
VF C01
Protection terminal cover for screw
terminals IP20
Article Description Protection 
degree
VF C02
Protection terminal cover for screw 
terminals with cable gland PG9 for 
multipolar cables from Ø 5 to Ø 7 mm
IP40
Protection terminal cover for screw terminals snap-in assembled and 
with wire trap cable gland. It allows the installation of more switches
side by side.
Article Description Protection degree
VF MKCV12 Protection terminal cover without gasket for
multipolar cables from Ø 4 to Ø 7,5 mm IP40
VF MKCV22 Protection terminal cover with gasket for
multipolar cables from Ø 4 to Ø 7,5 mm IP65
VF MKCV23 Protection terminal cover with gasket for 
multipolar cables from Ø 2 to Ø 5 mm IP65
Protections Terminals Covers 10 pcs packs
Protection terminal cover for vertical faston terminals snap-in
assembled and with wire trap cable gland. It allows the installation of 
more switches side by side.
Article Description Protectiondegree
VF MKCH12 Protection terminal cover without gasket for




























































- Robust plastic housing
- Customized versions for OEM
- Potentiometer, current and voltage output
Model MK120 (Measuring range 3000, 5000mm)
Model MK120 (Measuring range 7500mm)
Draw-wire sensors wireSENSOR
21
Model WPS-3000-MK120 WPS-5000-MK120 WPS-7500-MK120
Output P/U/I
Measuring range 3000mm 5000mm 7500mm
Linearity ±0.15% FSO ±4.5mm ±7.5mm ±11.25mm
Resolution quasi infinite
Temperature range -20 to 80°C
Material 
housing plastic PA6
draw wire 0.45mm coated
Wire mounting wire clip
Wire acceleration 2.5g 1.5g
Wire retraction force (min) 5.5N  5N 7N
Wire extension force (max) 8N 13N
Electrical connection integrated cable, radial, 1m length
Protection class IP 65
Weight 0.75kg 0.9kg
FSO = Full Scale Output
Specifications for analog outputs on page 47.
Article description





Connection CR: integrated cable, radial, 1m
Model MK120
Measuring range in mm
46
Installation information:
Wire attachment: The free return of the measurement wire is not permissible and it is 
essential that this is avoided during installation.
Wire exit angle:
When mounting a draw-wire displacement sensor, a straight wire exit (±3° tolerance) 
must be taken into account. If this tolerance is exceeded, increased material wear on 
the wire and at the wire aperture must be expected.
WE-x-M4, WE-x-Clip Wire extension x=length
TR1-WDS  Pulley wheel, adjustable
TR3-WDS  Pulley wheel, fixed
GK1-WDS  Attachment head for M4
MH1-WDS  Magnetic holder for wire mounting
MH2-WDS  Magnetic holder for sensor mounting
MT-60-WDS  Mounting clamp for WDS-P60
FC8  Female connector for WDS, 8-pin
FC8/90  Female connector 90° for WDS
PC 3/8  Sensor cable, lenght 3 m
PS 2010  Power supply (chassis mounting 35 x 7.5 mm); 
 input 120/230 VAC; output 24 VDC/2.5 A;  
 L/B/H 120 x 20 x 40 mm

























2x Ø4.5 2x Ø5.3
wire aperture 0° (±3° tolerance)














































Supply voltage max. 32VDC at 1kOhm / 1 Wmax
Resistance 1kOhm ±10% (potentiometer)
Temperature coefficient ±0.0025% FSO/°C
Sensitivity
depends on measuring range 
individually shown on test report
Voltage output (U)
Supply voltage 14 ... 27VDC (non stabilized)
Current consumption 30mA max
Output voltage
0 ... 10VDC
Option 0 ... 5 / ±5V
Load impendance >5kOhm
Signal noise 0.5mVeff






Zero  ±20 %FSO
Sensitivity ±20 %
Current Output (I)
Supply voltage 14 ... 27VDC (non stabilized)
Current consumption 35mA max
Output current 4 ... 20mA
Load <600Ohm
Signal noise <1.6µAeff






























High performance sensors made by Micro-Epsilon 
Sensors and systems for displacement  
and position
Sensors and measurement devices for  
non-contact temperature measurement
2D/3D profile sensors (laser scanner)
Measurement and inspection systems for 
quality assurance
Optical micrometers, fibre optic sensors 
and fibre optics
Colour recognition sensors, LED analyzers 
and colour online spectrometer
MICRO-EPSILON UK Ltd.
No.1 Shorelines Building · Shore Road · Birkenhead · CH41 1AU
Phone +44 (0) 151 355 6070 · Fax +44 (0) 151 355 6075
info@micro-epsilon.co.uk · www.micro-epsilon.co.uk
MICRO-EPSILON Headquarters
Koenigbacher Str. 15 ∙ 94496 Ortenburg / Germany




Este catálogo es una síntesis de ranura correspondiente y lo hagan con 
la gama completa de las poleas un rozamiento insignificante.
Todas las poleas de stock tienen dentadas SIT.
Estas poleas tienen los tallados un mínimo juego de acoplamiento con 
longitudinales axiales igualmente la correa correspondiente.
El diámetro primitivo de la polea espaciados, recortados en su 
es siempre mas grande que su superficie periférica de modo que 
diámetro exterior .     tenga un acoplamiento correcto con los 
dientes de la correa al entrar en la 
Las poleas dentadas SIT están referenciadas mediante un código convencional formado por tres grupos.
El primer grupo indica el numero de dientes. El segundo indica el paso del dentado (tal como se precisa en la 
cabecera de cada tabla).El tercer grupo indica el ancho de la correa que se utilizará en dicha polea:
para las poleas   XL,  L,  H,  XH,  XXH,  el ancho  de  la  correa  se  indicará  en  centésimas  de pulgada 
(100=1 pulgada). Ej.:   15   L    100
                                                             15            L            100
  Nº             Paso         ancho de                             
                                                                          dientes                          la correa
                                                                                                                   ( 1 " )
®para las poleas TOP DRIVE  HTD y Super Torque el ancho de las correas se indica en milímetros.
Ej.:  34   8M    50
                                                             34           8M           50
  Nº             Paso         ancho de                             
                                                                          dientes                          la correa
                                                                                                                   ( mm )
®En caso de poleas dentadas con buje cónico SER SIT  al código convencional anteriormente descrito se le 
añadirán las siglas "TL".
                                                             34           8M           50           TL         
  Nº             Paso         ancho de  buje cónico                                             
®
                                                                          dientes                          la correa   SER SIT
                                                                                                                   ( mm )
para las poleas dentadas métricas (T2.5, T5, T10, T20, AT5, AT10), el primer grupo de la descripción indicará 
el ancho total  de la  polea  en  mm.,  el  segundo  el  paso  y el  tercero el  número  de  dientes Ej.:40 T1020
                                                             40           T5           20
ancho total      Paso             Nº                             
                                                                      de la polea                        dientes
                                                                          ( mm )
Identificación de la poleas
F-68
Tolerancia de las poleas
Las poleas dentadas están fabricadas con mínimas tolerancias. La excentricidad podría provocar un mal 
funcionamiento de la transmisión. Por esta causa se han adoptado las tolerancias establecidas (tal como se indica 
la tabla)  
Tolerancia del agujero de la polea
El grado de tolerancia es ISO 7. Si no se especifica lo contrario las poleas se suministran con tolerancia H7
Oscilación lateral
El taladro de la polea debe ser perpendicular a la cara lateral de la polea. Tolerancia admisible 0.0254 mm. por cada 
25,4 mm. de radio.
Diámetro 
exterior mm. Tolerancia  mm.
             Hasta     25,4 - 0,05 + 0,00
   De  25,5   a  50,8 - 0,07 + 0,00
   De  50,9   a  102 - 0,10 + 0,00
   De  103    a  178 - 0,12 + 0,00
   De  179    a  305 - 0,15 + 0,00
   De  306    a  510 - 0,18 + 0,00
   De  511    a . ..... - 0,20 + 0,00
Materiales y características
Materiales
Las poleas dentadas  están fabricadas en fundición, acero y aluminio dependiendo del tipo y tamaño (tal como se 
indica en las tablas de dimensiones de las siguientes páginas)
Tratamiento de protección
Las poleas dentadas  están fosfatadas en negro
Equilibrado
El grado de calidad del quilibrado estático de las poleas es UNI 4218 - ISO 1940 - VDI 2060 , en el caso de las poleas 
para casquillo cónico es  G16. Las poleas para aplicaciones standard no están equilibradas ya que no tiene ningun 
taladro.
Tipos especiales
Sobre demanda podemos construir poleas dentadas XL, L, H, XH, XXH, ST, HTD, T, AT bajo plano del cliente.
Se aconseja la ejecución de las poleas dentadas en fundicion o acero; particularmente en acero cuando la 
velocidad periferica es superior a 30 m/s.
Por razones de peso pueden tambien fabricarse em materiales ligeros, pero en tal caso hay que preveer una vida 
más corta de la polea ya que esta tiene un efecto ligeramente abrasivo. Para evitar este inconveniente se aconseja 
la oxidación anódica de gran espesor sobre el dentado.
F-69








































































XL  (1/5" = 5,08 mm.)




























































































































PD ... XL 037
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   10 XL 037F 1    10 16,17 15,66 - 20 14,3 12 25 10,7 -
   11 XL 037F 1    11 17,79 17,28 - 20 14,3 12 25 10,7 -
   12 XL 037F 1    12 19,40 18,89 - 24 14,3 12 25 10,7 -
   13 XL 037F 1    13 21,02 20,51 - 24 14,3 12 25 10,7 -
   14 XL 037F 1    14 22,64 22,13 - 27 14,3 16 25 10,7 -
   15 XL 037F 1    15 24,26 23,76 - 27 14,3 17 25 10,7 -
   16 XL 037F 1    16 25,87 25,36 - 30 14,3 20 25 10,7 -
   17 XL 037F 1    17 27,49 26,98 - 30 14,3 20 25 10,7 -
   18 XL 037F 1    18 29,11 28,60 - 33 14,3 20 25 10,7 -







   20 XL 037F 1    20 32,34 31,83 - 36 14,3 25 25 10,7 -
   21 XL 037F 1    21 33,96 33,45 - 40 14,3 26 25 10,7 -
   22 XL 037F 1    22 35,57 35,06 - 40 14,3 27 25 10,7 -
   24 XL 037F 1    24 38,81 38,30 - 46 14,3 30 25 10,7 -
   26 XL 037F 1    26 42,04 41,53 - 46 14,3 30 25 10,7 -
   27 XL 037F 1    27 43,66 43,15 - 50 14,3 32 25 10,7 -
   28 XL 037F 1    28 45,28 44,77 - 50 14,3 34 25 10,7 -
   29 XL 037F 1    29 46,89 46,38 - 50 14,3 34 25 10,7 -
   30 XL 037F 1    30 48,51 48,00 - 55 14,3 38 25 10,7 -
   32 XL  037 1    32 51,74 51,23 - - 14,3 45 25 10,7 -





   35 XL  037 1    35 56,60 56,09 - - 14,3 45 25 10,7 -
   36 XL  037 1    36 58,21 57,70 - - 14,3 52 25 10,7 -
   38 XL  037 1    38 61,45 60,94 - - 14,3 52 25 10,7 -
   39 XL  037 1    39 63,06 62,55 - - 14,3 52 25 10,7 -
   40 XL  037 1    40 64,68 64,17 - - 14,3 52 25 10,7 -
   41 XL  037 1    41 66,30 65,79 - - 14,3 52 25 10,7 -
   42 XL  037 1    42 67,91 67,40 - - 14,3 52 25 10,7 -
   43 XL  037 1    43 69,53 69,02 - - 14,3 52 25 10,7 -
   44 XL  037 1    44 71,15 70,64 - - 14,3 52 25 10,7 -
   45 XL  037 1    45 72,77 72,26 - - 14,3 52 25 10,7 -






   47 XL  037 1    47 76,00 75,49 - - 14,3 52 25 10,7 -
   48 XL  037 1    48 77,62 77,11 - - 14,3 52 25 10,7 -
   49 XL  037 2    49 79,23 78,72 54 - 14,3 52 25 10,7 -
   52 XL  037 2    52 84,08 83,57 58 - 14,3 52 25 10,7 -
   56 XL  037 2    56 90,55 90,04 65 - 14,3 52 25 10,7 -
   57 XL  037 2    57 92,17 91,66 67 - 14,3 52 25 10,7 -
   58 XL  037 2    58 93,79 93,28 69 - 14,3 52 25 10,7 -
   59 XL  037 2    59 95,40 94,89 70 - 14,3 52 25 10,7 -
   60 XL  037 2    60 97,02 96,51 71 - 14,3 52 25 10,7 -
   68 XL  037 2    68 109,96 109,45 84 - 14,3 52 25 10,7 -
   69 XL  037 2    69 111,57 111,06 86 - 14,3 52 25 10,7 -
   70 XL  037 2    70 113,19 112,68 87 - 14,3 52 25 10,7 -
   71 XL  037 2    71 114,81 114,30 89 - 14,3 52 25 10,7 -































PD ... L 050
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   10  L 050F 1    10 30,32 29,56 - 33 19 20 30 11 -
   11  L 050F 1    11 33,35 32,59 - 36 19 20 30 11 -
   12  L 050F 1    12 36,38 35,62 - 40 19 27 30 11 -
   13  L 050F 1    13 39,41 38,65 - 47 19 27 30 11 -
   14  L 050F 1    14 42,45 41,69 - 47 19 29 30 11 -
   15  L 050F 1    15 45,48 44,72 - 50 19 32 30 11 -
   16  L 050F 1    16 48,51 47,75 - 55 19 37 30 11 -
   17  L 050F 1    17 51,54 50,78 - 55 19 37 30 11 -
   18  L 050F 1    18 54,57 53,81 - 62 19 41 30 11 -
   19  L 050F 1    19 57,61 56,85 - 62 19 41 30 11 -




   21  L 050F 1    21 63,67 62,91 - 67 19 47 30 11 -
   22  L 050F 1    22 66,70 65,94 - 73 19 50 30 11 -
   23  L 050F 1    23 69,73 68,97 - 73 19 50 30 11 -
   24  L 050F 1    24 72,77 72,01 - 80 19 57 32 13 -
   25  L 050F 1    25 75,80 75,04 - 80 19 58 32 13 -







   27  L 050F 1    27 81,86 81,10 - 88 19 64 32 13 -
   28  L 050F 1    28 84,89 84,13 - 94 19 70 32 13 -
   29  L 050F 1    29 87,93 87,17 - 94 19 70 32 13 -
   30  L 050F 1    30 90,96 90,20 - 98 19 72 34 15 -
   32  L 050F 1    32 97,02 96,26 - 100 19 75 34 15 -
   33  L 050F 1    33 100,05 99,29 - 108 19 80 34 15 -
   34  L 050F 1    34 103,08 102,32 - 108 19 85 34 15 -
   35  L 050F 1    35 106,12 105,36 - 113 19 88 34 15 -
   36  L 050F 1    36 109,15 108,39 - 113 19 88 34 15 -
   40  L 050F 2    40 121,28 120,52 100 129 19 68 34 15 -
   41  L 050F 2    41 124,31 123,55 103 129 19 68 34 15 -
   42  L 050F 2    42 127,34 126,58 106 137 19 68 34 15 -
   44  L 050F 2    44 133,40 132,64 112 142 19 68 34 15 -
   45  L 050F 2    45 136,44 135,68 115 142 19 68 34 15 -
   47  L 050F 2    47 142,50 141,74 121 149 19 68 34 15 -
   48  L 050F 2    48 145,53 144,77 124 152 19 68 46 27 -
   49  L  050 3    49 148,56 147,80 127 - 19 68 46 27 -






   52  L  050 3    52 157,66 156,90 136 - 19 68 46 27 -
   56  L  050 3    56 169,79 169,03 139 - 19 68 46 27 -
   57  L  050 3    57 172,82 172,06 152 - 19 68 46 27 -
   60  L  050 3    60 181,91 181,15 160 - 19 68 46 27 -






   66  L  050 3    66 200,11 199,35 179 - 19 68 46 27 -
   72  L  050 3    72 218,30 217,54 197 - 19 75 46 27 -
   84  L  050 3    84 254,68 253,92 233 - 19 75 46 27 -
   90  L  050 4    90 272,87 272,11 252 - 19 75 46 27 19
   96  L  050 4    96 291,06 290,30 270 - 19 80 46 27 19































PD ... L 075
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   10  L 075F 1    10 30,32 29,56 - 33 25,4 20 38 12,6 -
   11  L 075F 1    11 33,35 32,59 - 36 25,4 20 38 12,6 -
   12  L 075F 1    12 36,38 35,62 - 40 25,4 27 38 12,6 -
   13  L 075F 1    13 39,41 38,65 - 47 25,4 27 38 12,6 -
   14  L 075F 1    14 42,45 41,69 - 47 25,4 29 38 12,6 -
   15  L 075F 1    15 45,48 44,72 - 50 25,4 32 38 12,6 -
   16  L 075F 1    16 48,51 47,75 - 55 25,4 37 38 12,6 -
   17  L 075F 1    17 51,54 50,78 - 55 25,4 37 38 12,6 -
   18  L 075F 1    18 54,57 53,81 - 62 25,4 41 38 12,6 -
   19  L 075F 1    19 57,61 56,85 - 62 25,4 41 38 12,6 -




   21  L 075F 1    21 63,67 62,91 - 67 25,4 47 38 12,6 -
   22  L 075F 1    22 66,70 65,94 - 73 25,4 50 38 12,6 -
   23  L 075F 1    23 69,73 68,97 - 73 25,4 50 38 12,6 -
   24  L 075F 1    24 72,77 72,01 - 80 25,4 57 38 12,6 -
   25  L 075F 1    25 75,80 75,04 - 80 25,4 58 38 12,6 -







   27  L 075F 1    27 81,86 81,10 - 88 25,4 64 38 12,6 -
   28  L 075F 1    28 84,89 84,13 - 94 25,4 70 38 12,6 -
   29  L 075F 1    29 87,93 87,17 - 94 25,4 70 38 12,6 -
   30  L 075F 1    30 90,96 90,20 - 98 25,4 72 38 12,6 -
   32  L 075F 1    32 97,02 96,26 - 100 25,4 75 38 12,6 -
   33  L 075F 1    33 100,05 99,29 - 108 25,4 80 38 12,6 -
   34  L 075F 1    34 103,08 102,32 - 108 25,4 85 38 12,6 -
   35  L 075F 1    35 106,12 105,36 - 113 25,4 88 38 12,6 -
   36  L 075F 1    36 109,15 108,39 - 113 25,4 88 38 12,6 -
   40  L 075F 2    40 121,28 120,52 100 129 25,4 68 38 12,6 -
   41  L 075F 2    41 124,31 123,55 103 129 25,4 68 38 12,6 -
   42  L 075F 2    42 127,34 126,58 106 137 25,4 68 38 12,6 -
   44  L 075F 2    44 133,40 132,64 112 142 25,4 68 38 12,6 -
   45  L 075F 2    45 136,44 135,68 115 142 25,4 68 38 12,6 -
   47  L 075F 2    47 142,50 141,74 121 149 25,4 68 38 12,6 -
   48  L 075F 2    48 145,53 144,77 124 152 25,4 68 48 22,6 -
   49  L  075 3    49 148,56 147,80 127 - 25,4 68 48 22,6 -






   52  L  075 3    52 157,66 156,90 136 - 25,4 68 48 22,6 -
   56  L  075 3    56 169,79 169,03 139 - 25,4 68 48 22,6 -
   57  L  075 3    57 172,82 172,06 152 - 25,4 68 48 22,6 -
   60  L  075 3    60 181,91 181,15 160 - 25,4 68 48 22,6 -






   66  L  075 3    66 200,11 199,35 179 - 25,4 68 48 22,6 -
   72  L  075 3    72 218,30 217,54 197 - 25,4 75 48 22,6 -
   84  L  075 3    84 254,68 253,92 233 - 25,4 75 48 22,6 -
   90  L  075 4    90 272,87 272,11 252 - 25,4 75 48 22,6 19
   96  L  075 4    96 291,06 290,30 270 - 25,4 80 48 22,6 19
































Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   10  L 100F 1    10 30,32 29,56 - 33 32 20 46 14 -
   11  L 100F 1    11 33,35 32,59 - 36 32 20 46 14 -
   12  L 100F 1    12 36,38 35,62 - 40 32 27 46 14 -
   13  L 100F 1    13 39,41 38,65 - 47 32 27 46 14 -
   14  L 100F 1    14 42,45 41,69 - 47 32 29 46 14 -
   15  L 100F 1    15 45,48 44,72 - 50 32 32 46 14 -
   16  L 100F 1    16 48,51 47,75 - 55 32 37 46 14 -
   17  L 100F 1    17 51,54 50,78 - 55 32 37 46 14 -
   18  L 100F 1    18 54,57 53,81 - 62 32 41 46 14 -
   19  L 100F 1    19 57,61 56,85 - 62 32 41 46 14 -




   21  L 100F 1    21 63,67 62,91 - 67 32 47 46 14 -
   22  L 100F 1    22 66,70 65,94 - 73 32 50 46 14 -
   23  L 100F 1    23 69,73 68,97 - 73 32 50 46 14 -
   24  L 100F 1    24 72,77 72,01 - 80 32 57 46 14 -
   25  L 100F 1    25 75,80 75,04 - 80 32 58 46 14 -







   27  L 100F 1    27 81,86 81,10 - 88 32 64 46 14 -
   28  L 100F 1    28 84,89 84,13 - 94 32 70 46 14 -
   29  L 100F 1    29 87,93 87,17 - 94 32 70 46 14 -
   30  L 100F 1    30 90,96 90,20 - 98 32 72 46 14 -
   32  L 100F 1    32 97,02 96,26 - 100 32 75 46 14 -
   33  L 100F 1    33 100,05 99,29 - 108 32 80 46 14 -
   34  L 100F 1    34 103,08 102,32 - 108 32 85 46 14 -
   35  L 100F 1    35 106,12 105,36 - 113 32 88 46 14 -
   36  L 100F 1    36 109,15 108,39 - 113 32 88 46 14 -
   40  L 100F 2    40 121,28 120,52 100 129 32 68 46 14 -
   41  L 100F 2    41 124,31 123,55 103 129 32 68 46 14 -
   42  L 100F 2    42 127,34 126,58 106 137 32 68 46 14 -
   44  L 100F 2    44 133,40 132,64 112 142 32 68 46 14 -
   45  L 100F 2    45 136,44 135,68 115 142 32 68 46 14 -
   47  L 100F 2    47 142,50 141,74 121 149 32 68 46 14 -
   48  L 100F 2    48 145,53 144,77 124 152 32 68 50 18 -
   49  L  100 3    49 148,56 147,80 127 - 32 68 50 18 -






   52  L  100 3    52 157,66 156,90 136 - 32 68 50 18 -
   56  L  100 3    56 169,79 169,03 139 - 32 68 50 18 -
   57  L  100 3    57 172,82 172,06 152 - 32 68 50 18 -
   60  L  100 3    60 181,91 181,15 160 - 32 75 54 22 -






   66  L  100 3    66 200,11 199,35 179 - 32 75 54 22 -
   72  L  100 3    72 218,30 217,54 197 - 32 75 54 22 -
   84  L  100 3    84 254,68 253,92 233 - 32 80 54 22 -
   90  L  100 4    90 272,87 272,11 252 - 32 80 54 22 19
   96  L  100 4    96 291,06 290,30 270 - 32 80 54 22 19



















































Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   14  H 075F 1    14 56,60 55,23 - 62 25,4 40 38 12,6 -
   15  H 075F 1    15 60,64 59,27 - 67 25,4 45 38 12,6 -
   16  H 075F 1    16 64,68 63,31 - 67 25,4 47 38 12,6 -
   17  H 075F 1    17 68,72 67,35 - 77 25,4 49 38 12,6 -
   18  H 075F 1    18 72,77 71,40 - 80 25,4 57 38 12,6 -
   19  H 075F 1    19 76,81 75,44 - 84 25,4 60 38 12,6 -
   20  H 075F 1    20 80,85 79,48 - 88 25,4 64 38 12,6 -
   21  H 075F 1    21 84,89 83,52 - 94 25,4 64 38 12,6 -
   22  H 075F 1    22 88,94 87,57 - 94 25,4 70 38 12,6 -
   23  H 075F 1    23 92,98 91,61 - 98 25,4 72 38 12,6 -
   24  H 075F 1    24 97,02 95,65 - 104 25,4 80 38 12,6 -
   25  H 075F 1    25 101,06 99,69 - 104 25,4 80 38 12,6 -
   26  H 075F 1    26 105,11 103,74 - 108 25,4 85 38 12,6 -
   27  H 075F 1    27 109,15 107,78 - 113 25,4 88 38 12,6 -
   28  H 075F 1    28 113,19 111,82 - 118 25,4 94 38 12,6 -
   29  H 075F 1    29 117,23 115,86 - 121 25,4 96 38 12,6 -
   30  H 075F 1    30 121,28 119,91 - 129 25,4 104 38 12,6 -
   32  H 075F 1    32 129,36 127,99 - 137 25,4 112 38 12,6 -
   33  H 075F 1    33 133,40 132,03 - 137 25,4 112 38 12,6 -
   34  H 075F 1    34 137,45 136,08 - 142 25,4 118 38 12,6 -
   35  H 075F 2    35 141,49 140,12 118 145 25,4 68 48 22,6 -
   36  H 075F 2    36 145,53 144,16 118 151 25,4 68 48 22,6 -
   38  H 075F 2    38 153,62 152,25 126 158 25,4 68 48 22,6 -
   40  H 075F 2    40 161,70 160,33 134 168 25,4 68 48 22,6 -
   44  H 075F 2    44 177,87 176,50 150 191 25,4 68 48 22,6 -
   45  H 075F 2    45 181,91 180,54 154 189 25,4 68 48 22,6 -
   48  H 075F 2    48 194,04 192,67 166 199 25,4 68 48 22,6 -
   49  H  075 3    49 198,08 196,71 170 - 25,4 68 48 22,6 -
   50  H  075 3    50 202,13 200,76 172 - 25,4 68 48 22,6 -
   52  H  075 3    52 210,21 208,84 182 - 25,4 75 48 22,6 -
   60  H  075 3    60 242,55 241,18 215 - 25,4 75 48 22,6 -
   70  H  075 3    70 282,98 281,61 255 - 25,4 75 48 22,6 -
   72  H  075 3    72 291,06 289,69 263 - 25,4 80 48 22,6 -
   82  H  075 6    82 331,49 330,12 304 - 25,4 80 55 29,6 -
   84  H  075 5    84 339,57 338,20 312 - 25,4 90 55 29,6 19
   94  H  075 5    94 380,00 378,63 352 - 25,4 90 55 29,6 19
   96  H  075 5    96 388,08 386,71 360 - 25,4 100 55 29,6 19
  106  H  075 5   106 428,51 427,14 401 - 25,4 100 55 29,6 19
  116  H  075 5   116 468,93 467,56 441 - 25,4 100 55 29,6 19
  118  H  075 5   118 477,02 475,65 449 - 25,4 100 55 29,6 19
  120  H  075 5   120 485,10 483,73 458 - 25,4 100 55 29,6 19
  150  H  075 5   150 606,38 605,01 579 - 25,4 100 55 29,6 19
  152  H  075 5   152 614,47 613,10 587 - 25,4 100 55 29,6 19
  154  H  075 5   154 622,55 621,18 595 - 25,4 100 55 29,6 19


















































PD ... H 100
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   14  H 100F 1    14 56,60 55,23 - 62 33,3 40 44 10,7 -
   15  H 100F 1    15 60,64 59,27 - 67 33,3 45 44 10,7 -
   16  H 100F 1    16 64,68 63,31 - 67 33,3 47 44 10,7 -
   17  H 100F 1    17 68,72 67,35 - 77 33,3 49 44 10,7 -
   18  H 100F 1    18 72,77 71,40 - 80 33,3 57 44 10,7 -
   19  H 100F 1    19 76,81 75,44 - 84 33,3 60 44 10,7 -
   20  H 100F 1    20 80,85 79,48 - 88 33,3 64 44 10,7 -
   21  H 100F 1    21 84,89 83,52 - 94 33,3 64 44 10,7 -
   22  H 100F 1    22 88,94 87,57 - 94 33,3 70 44 10,7 -
   23  H 100F 1    23 92,98 91,61 - 98 33,3 72 44 10,7 -
   24  H 100F 1    24 97,02 95,65 - 104 33,3 80 44 10,7 -
   25  H 100F 1    25 101,06 99,69 - 104 33,3 80 44 10,7 -
   26  H 100F 1    26 105,11 103,74 - 108 33,3 85 44 10,7 -
   27  H 100F 1    27 109,15 107,78 - 113 33,3 88 44 10,7 -
   28  H 100F 1    28 113,19 111,82 - 118 33,3 94 48 14,7 -
   29  H 100F 1    29 117,23 115,86 - 121 33,3 96 48 14,7 -
   30  H 100F 1    30 121,28 119,91 - 129 33,3 104 50 16,7 -
   32  H 100F 1    32 129,36 127,99 - 137 33,3 112 52 18,7 -
   33  H 100F 1    33 133,40 132,03 - 137 33,3 112 52 18,7 -
   34  H 100F 1    34 137,45 136,08 - 142 33,3 118 52 18,7 -
   35  H 100F 2    35 141,49 140,12 118 145 33,3 75 52 18,7 -
   36  H 100F 2    36 145,53 144,16 118 151 33,3 75 52 18,7 -
   38  H 100F 2    38 153,62 152,25 126 158 33,3 75 52 18,7 -
   40  H 100F 2    40 161,70 160,33 134 168 33,3 75 54 20,7 -
   44  H 100F 2    44 177,87 176,50 150 191 33,3 75 54 20,7 -
   45  H 100F 2    45 181,91 180,54 154 189 33,3 75 54 20,7 -
   48  H 100F 2    48 194,04 192,67 166 199 33,3 75 60 26,7 -
   49  H  100 3    49 198,08 196,71 170 - 33,3 75 60 26,7 -
   50  H  100 3    50 202,13 200,76 172 - 33,3 75 60 26,7 -
   52  H  100 3    52 210,21 208,84 182 - 33,3 75 60 26,7 -
   60  H  100 3    60 242,55 241,18 215 - 33,3 80 60 26,7 -
   70  H  100 3    70 282,98 281,61 255 - 33,3 80 60 26,7 -
   72  H  100 3    72 291,06 289,69 263 - 33,3 80 60 26,7 -
   82  H  100 6    82 331,49 330,12 304 - 33,3 80 60 26,7 -
   84  H  100 5    84 339,57 338,20 312 - 33,3 90 60 26,7 19
   94  H  100 5    94 380,00 378,63 352 - 33,3 90 60 26,7 19
   96  H  100 5    96 388,08 386,71 360 - 33,3 100 60 26,7 19
  106  H  100 5   106 428,51 427,14 401 - 33,3 100 60 26,7 19
  116  H  100 5   116 468,93 467,56 441 - 33,3 100 60 26,7 19
  118  H  100 5   118 477,02 475,65 449 - 33,3 100 60 26,7 19
  120  H  100 5   120 485,10 483,73 458 - 33,3 100 60 26,7 19
  150  H  100 5   150 606,38 605,01 579 - 33,3 100 60 26,7 19
  152  H  100 5   152 614,47 613,10 587 - 33,3 100 60 26,7 19
  154  H  100 5   154 622,55 621,18 595 - 33,3 100 60 26,7 19































PD ... H 150
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   14  H 150F 1    14 56,60 55,23 - 62 46 40 58 12 -
   15  H 150F 1    15 60,64 59,27 - 67 46 45 58 12 -
   16  H 150F 1    16 64,68 63,31 - 67 46 47 58 12 -
   17  H 150F 1    17 68,72 67,35 - 77 46 49 58 12 -
   18  H 150F 1    18 72,77 71,40 - 80 46 57 58 12 -
   19  H 150F 1    19 76,81 75,44 - 84 46 60 58 12 -
   20  H 150F 1    20 80,85 79,48 - 88 46 64 58 12 -
   21  H 150F 1    21 84,89 83,52 - 94 46 64 58 12 -
   22  H 150F 1    22 88,94 87,57 - 94 46 70 58 12 -
   23  H 150F 1    23 92,98 91,61 - 98 46 72 58 12 -
   24  H 150F 1    24 97,02 95,65 - 104 46 80 58 12 -
   25  H 150F 1    25 101,06 99,69 - 104 46 80 58 12 -
   26  H 150F 1    26 105,11 103,74 - 108 46 85 58 12 -
   27  H 150F 1    27 109,15 107,78 - 113 46 88 58 12 -
   28  H 150F 1    28 113,19 111,82 - 118 46 94 58 12 -
   29  H 150F 1    29 117,23 115,86 - 121 46 96 58 12 -
   30  H 150F 1    30 121,28 119,91 - 129 46 104 58 12 -
   32  H 150F 1    32 129,36 127,99 - 137 46 112 58 12 -
   33  H 150F 1    33 133,40 132,03 - 137 46 112 58 12 -
   34  H 150F 1    34 137,45 136,08 - 142 46 118 58 12 -
   35  H 150F 2    35 141,49 140,12 118 145 46 75 58 12 -
   36  H 150F 2    36 145,53 144,16 118 151 46 75 58 12 -
   38  H 150F 2    38 153,62 152,25 126 158 46 75 58 12 -
   40  H 150F 2    40 161,70 160,33 134 168 46 75 70 24 -
   44  H 150F 2    44 177,87 176,50 150 191 46 75 70 24 -
   45  H 150F 2    45 181,91 180,54 154 189 46 75 70 24 -
   48  H 150F 2    48 194,04 192,67 166 199 46 75 70 24 -
   49  H  150 3    49 198,08 196,71 170 - 46 75 70 24 -
   50  H  150 3    50 202,13 200,76 172 - 46 75 70 24 -
   52  H  150 3    52 210,21 208,84 182 - 46 75 70 24 -
   60  H  150 3    60 242,55 241,18 215 - 46 80 70 24 -
   70  H  150 3    70 282,98 281,61 255 - 46 80 70 24 -
   72  H  150 3    72 291,06 289,69 263 - 46 80 70 24 -
   82  H  150 6    82 331,49 330,12 304 - 46 80 70 24 -
   84  H  150 5    84 339,57 338,20 312 - 46 90 70 24 19
   94  H  150 5    94 380,00 378,63 352 - 46 90 70 24 19
   96  H  150 5    96 388,08 386,71 360 - 46 100 70 24 19
  106  H  150 5   106 428,51 427,14 401 - 46 100 70 24 19
  116  H  150 5   116 468,93 467,56 441 - 46 100 70 24 19
  118  H  150 5   118 477,02 475,65 449 - 46 100 70 24 19
  120  H  150 5   120 485,10 483,73 458 - 46 100 70 24 19
  150  H  150 5   150 606,38 605,01 579 - 46 100 70 24 19
  152  H  150 5   152 614,47 613,10 587 - 46 100 70 24 19
  154  H  150 5   154 622,55 621,18 595 - 46 100 70 24 19


















































PD ... H 200
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   14  H 200F 1    14 56,60 55,23 - 62 59,5 40 72 12,5 -
   15  H 200F 1    15 60,64 59,27 - 67 59,5 45 72 12,5 -
   16  H 200F 1    16 64,68 63,31 - 67 59,5 47 72 12,5 -
   17  H 200F 1    17 68,72 67,35 - 77 59,5 49 72 12,5 -
   18  H 200F 1    18 72,77 71,40 - 80 59,5 57 72 12,5 -
   19  H 200F 1    19 76,81 75,44 - 84 59,5 60 72 12,5 -
   20  H 200F 1    20 80,85 79,48 - 88 59,5 64 72 12,5 -
   21  H 200F 1    21 84,89 83,52 - 94 59,5 64 72 12,5 -
   22  H 200F 1    22 88,94 87,57 - 94 59,5 70 72 12,5 -
   23  H 200F 1    23 92,98 91,61 - 98 59,5 72 72 12,5 -
   24  H 200F 1    24 97,02 95,65 - 104 59,5 80 72 12,5 -
   25  H 200F 1    25 101,06 99,69 - 104 59,5 80 72 12,5 -
   26  H 200F 1    26 105,11 103,74 - 108 59,5 85 72 12,5 -
   27  H 200F 1    27 109,15 107,78 - 113 59,5 88 72 12,5 -
   28  H 200F 1    28 113,19 111,82 - 118 59,5 94 72 12,5 -
   29  H 200F 1    29 117,23 115,86 - 121 59,5 96 72 12,5 -
   30  H 200F 1    30 121,28 119,91 - 129 59,5 104 72 12,5 -
   32  H 200F 1    32 129,36 127,99 - 137 59,5 112 72 12,5 -
   33  H 200F 1    33 133,40 132,03 - 137 59,5 112 72 12,5 -
   34  H 200F 1    34 137,45 136,08 - 142 59,5 118 72 12,5 -
   35  H 200F 2    35 141,49 140,12 118 145 59,5 80 72 12,5 -
   36  H 200F 2    36 145,53 144,16 118 151 59,5 80 72 12,5 -
   38  H 200F 2    38 153,62 152,25 126 158 59,5 80 72 12,5 -
   40  H 200F 2    40 161,70 160,33 134 168 59,5 80 72 12,5 -
   44  H 200F 2    44 177,87 176,50 150 191 59,5 80 72 12,5 -
   45  H 200F 2    45 181,91 180,54 154 189 59,5 80 72 12,5 -
   48  H 200F 2    48 194,04 192,67 166 199 59,5 80 80 20,5 -
   49  H  200 3    49 198,08 196,71 170 - 59,5 80 80 20,5 -
   50  H  200 3    50 202,13 200,76 172 - 59,5 80 80 20,5 -
   52  H  200 3    52 210,21 208,84 182 - 59,5 80 80 20,5 -
   60  H  200 3    60 242,55 241,18 215 - 59,5 90 80 20,5 -
   70  H  200 3    70 282,98 281,61 255 - 59,5 90 80 20,5 -
   72  H  200 3    72 291,06 289,69 263 - 59,5 90 80 20,5 -
   82  H  200 6    82 331,49 330,12 304 - 59,5 90 80 20,5 -
   84  H  200 5    84 339,57 338,20 312 - 59,5 100 80 20,5 19
   94  H  200 5    94 380,00 378,63 352 - 59,5 100 80 20,5 19
   96  H  200 5    96 388,08 386,71 360 - 59,5 100 80 20,5 19
  106  H  200 5   106 428,51 427,14 401 - 59,5 100 80 20,5 19
  116  H  200 5   116 468,93 467,56 441 - 59,5 100 80 20,5 19
  118  H  200 5   118 477,02 475,65 449 - 59,5 100 80 20,5 19
  120  H  200 5   120 485,10 483,73 458 - 59,5 120 80 20,5 19
  150  H  200 5   150 606,38 605,01 579 - 59,5 120 80 20,5 19
  152  H  200 5   152 614,47 613,10 587 - 59,5 120 80 20,5 19
  154  H  200 5   154 622,55 621,18 595 - 59,5 130 80 20,5 19



































































PD ... H 300
Código Tipo Nº R S U e W H Y Z d Valona Materialdientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   14  H 300F 1    14 56,60 55,23 - 62 85,7 40 98 12,3 -
   15  H 300F 1    15 60,64 59,27 - 67 85,7 45 98 12,3 -
   16  H 300F 1    16 64,68 63,31 - 67 85,7 47 98 12,3 -
   17  H 300F 1    17 68,72 67,35 - 77 85,7 49 98 12,3 -
   18  H 300F 1
1
   18 72,77 71,40 - 80 85,7 57 98 12,3 -
   19  H 300F    19 76,81 75,44 - 84 85,7 60 98 12,3 -
   20  H 300F 1    20 80,85 79,48 - 88 85,7 64 98 12,3 -
   21  H 300F 1    21 84,89 83,52 - 94 85,7 64 98 12,3 -
   22  H 300F 1    22 88,94 87,57 - 94 85,7 70 98 12,3 -
   23  H 300F 1    23 92,98 91,61 - 98 85,7 72 98 12,3 -
   24  H 300F 1    24 97,02 95,65 - 104 85,7 80 98 12,3 -
   25  H 300F 1    25 101,06 99,69 - 104 85,7 80 98 12,3 -
   26  H 300F 1    26 105,11 103,74 - 108 85,7 85 98 12,3 -
   27  H 300F 1    27 109,15 107,78 - 113 85,7 88 98 12,3 -
   28  H 300F 1    28 113,19 111,82 - 118 85,7 94 98 12,3 -
   29  H 300F 1    29 117,23 115,86 - 121 85,7 96 98 12,3 -
   30  H 300F 1    30 121,28 119,91 - 129 85,7 104 98 12,3 -
   32  H 300F 1    32 129,36 127,99 - 137 85,7 112 98 12,3 -
   33  H 300F 1    33 133,40 132,03 - 137 85,7 112 98 12,3 -
   34  H 300F 1    34 137,45 136,08 - 142 85,7 118 98 12,3 -
   35  H 300F 2    35 141,49 140,12 118 145 85,7 75 98 12,3 -
   36  H 300F 2    36 145,53 144,16 118 151 85,7 80 98 12,3 -
   38  H 300F 2    38 153,62 152,25 126 158 85,7 80 98 12,3 -
   40  H 300F 2    40 161,70 160,33 134 168 85,7 80 98 12,3 -
   44  H 300F 2    44 177,87 176,50 150 191 85,7 80 98 12,3 -
   45  H 300F 2    45 181,91 180,54 154 189 85,7 80 98 12,3 -
   48  H 300F 2    48 194,04 192,67 166 199 85,7 90 98 12,3 -
   49  H  300 3    49 198,08 196,71 170 - 85,7 90 98 12,3 -
   50  H  300 3    50 202,13 200,76 172 - 85,7 90 98 12,3 -
   52  H  300 3    52 210,21 208,84 182 - 85,7 90 98 12,3 -
   60  H  300 3    60 242,55 241,18 215 - 85,7 100 98 12,3 -
   70  H  300 3    70 282,98 281,61 255 - 85,7 100 98 12,3 -
   72  H  300 3    72 291,06 289,69 263 - 85,7 100 98 12,3 -
   82  H  300 6    82 331,49 330,12 304 - 85,7 100 98 12,3 -
   84  H  300 5    84 339,57 338,20 312 - 85,7 100 98 12,3 19
   94  H  300 5    94 380,00 378,63 352 - 85,7 100 98 12,3 19
   96  H  300 5    96 388,08 386,71 360 - 85,7 110 98 12,3 19
  106  H  300 5   106 428,51 427,14 401 - 85,7 110 98 12,3 19
  116  H  300 5   116 468,93 467,56 441 - 85,7 110 98 12,3 19
  118  H  300 5   118 477,02 475,65 449 - 85,7 110 98 12,3 19
  120  H  300 5   120 485,10 483,73 458 - 85,7 120 98 12,3 19
  150  H  300 5   150 606,38 605,01 579 - 85,7 120 98 12,3 19
  152  H  300 5   152 614,47 613,10 587 - 85,7 120 98 12,3 19
  154  H  300 5   154 622,55 621,18 595 - 85,7 130 98 12,3 19































PD ... XH 200
Código Tipo Nº R S U e W H Y Z d Valona Materialdientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   18 XH 200F 1    18 127,34 124,55 - 134 65 100 80 15 -
   19 XH 200F 1    19 134,41 131,62 - 142 65 107 80 15 -
   20 XH 200F 1    20 141,49 138,70 - 150 65 114 80 15 -
   21 XH 200F 1    21 148,56 145,77 - 158 65 122 80 15 -
   22 XH 200F 1    22 155,64 152,85 - 166 65 128 80 15 -
   24 XH 200F 1    24 169,79 167,00 - 177 65 141 80 15 -
   25 XH 200F 2    25 176,86 174,07 - 186 65 90 80 15 -
   26 XH 200F 2    26 183,94 181,15 - 191 65 90 80 15 -
   27 XH 200F 1    27 191,01 188,22 - 200 65 158 80 15 -
   28 XH 200F 1    28 198,08 195,29 - 200 65 169 80 15 -
   30 XH 200F 2    30 212,23 209,44 170 216 65 110 80 15 -
   32 XH 200F 2    32 226,38 223,59 184 232 65 110 80 15 -
   34 XH 200F 2    34 240,53 237,74 198 261 65 110 80 15 -
   38 XH 200F 2    38 268,83 266,04 227 274 65 110 80 15 -
   40 XH 200F 2    40 282,98 280,19 241 288 65 120 100 35 -
   46 XH  200    46 325,42 322,63 283 - 65 120 100 35 -
   48 XH  200    48 339,57 336,78 297 - 65 120 100 35 19
   58 XH  200
3
   58 410,32 407,53 368 - 65 120 100 35 19
   60 XH  200
4
4    60 424,47 421,68 382 - 65 130 100 35 19
   70 XH  200
4
5    70 495,21 492,42 453 - 65 130 100 35 19
   72 XH  200    72 509,36 506,57 467 - 65 140 100 35 19
   78 XH  200    78 551,81 549,02 510 - 65 140 100 35 19
   80 XH  200    80 565,95 563,16 524 - 65 140 100 35 19
   82 XH  200    82 580,10 577,31 538 - 65 140 100 35 19
   84 XH  200 5
5
   84 594,25 591,46 552 - 65 150 100 35 19
   94 XH  200 5
5
   94 665,00 662,21 623 - 65 150 100 35 19
   96 XH  200 5
5
   96 679,15 676,36 637 - 65 160 100 35 19
  118 XH  200 5
5
  118 834,78 831,99 792 - 65 160 100 35 19





























PD ... XH 300
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   18 XH 300F 1    18 127,34 124,55 - 134 92 100 107 15 -
   19 XH 300F 1    19 134,41 131,62 - 142 92 107 107 15 -
   20 XH 300F 1    20 141,49 138,70 - 150 92 114 107 15 -
   21 XH 300F 1    21 148,56 145,77 - 158 92 122 107 15 -
   22 XH 300F 1    22 155,64 152,85 - 166 92 128 107 15 -
   24 XH 300F 1    24 169,79 167,00 - 177 92 141 107 15 -
   25 XH 300F 1    25 176,86 174,07 - 186 92 148 107 15 -
   26 XH 300F 1    26 183,94 181,15 - 191 92 157 107 15 -
   27 XH 300F 1    27 191,01 188,22 - 200 92 158 107 15 -
   28 XH 300F 1    28 198,08 195,29 - 200 92 169 107 15 -
   30 XH 300F 2    30 212,23 209,44 170 216 92 110 107 15 -
   32 XH 300F 2    32 226,38 223,59 184 232 92 110 107 15 -
   34 XH 300F 2    34 240,53 237,74 198 261 92 110 107 15 -
   38 XH 300F 2    38 268,83 266,04 227 274 92 110 107 15 -
   40 XH 300F 2    40 282,98 280,19 241 288 92 120 100 8 -
   46 XH  300    46 325,42 322,63 283 - 92 120 100 8 -
   48 XH  300    48 339,57 336,78 297 - 92 120 100 8 19
   58 XH  300    58 410,32 407,53 368 - 92 120 100 8 19
   60 XH  300    60 424,47 421,68 382 - 92 120 100 8 19
   70 XH  300    70 495,21 492,42 453 - 92 130 100 8 19
   72 XH  300    72 509,36 506,57 467 - 92 140 120 28 19
   78 XH  300    78 551,81 549,02 510 - 92 140 120 28 19
   80 XH  300    80 565,95 563,16 524 - 92 140 120 28 19
   82 XH  300    82 580,10 577,31 538 - 92 140 120 28 19
   84 XH  300    84 594,25 591,46 552 - 92 160 120 28 19
   94 XH  300    94 665,00 662,21 623 - 92 160 120 28 19
   96 XH  300    96 679,15 676,36 637 - 92 160 120 28 19
  118 XH  300   118 834,78 831,99 792 - 92 160 120 28 19






























PD ... XH 400
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   18 XH 400F 1    18 127,34 124,55 - 134 119 100 135 16 -
   19 XH 400F 1    19 134,41 131,62 - 142 119 107 135 16 -
   20 XH 400F 1    20 141,49 138,70 - 150 119 114 135 16 -
   21 XH 400F 1    21 148,56 145,77 - 158 119 122 135 16 -
   22 XH 400F 1    22 155,64 152,85 - 166 119 128 135 16 -
   24 XH 400F 1    24 169,79 167,00 - 177 119 141 135 16 -
   25 XH 400F 1    25 176,86 174,07 - 186 119 148 135 16 -
   26 XH 400F 1    26 183,94 181,15 - 191 119 157 135 16 -
   27 XH 400F 1    27 191,01 188,22 - 200 119 158 135 16 -
   28 XH 400F 1    28 198,08 195,29 - 200 119 169 135 16 -
   30 XH 400F 2    30 212,23 209,44 170 216 119 120 135 16 -
   32 XH 400F 2    32 226,38 223,59 184 232 119 120 135 16 -
   34 XH 400F 2    34 240,53 237,74 198 261 119 120 135 16 -
   38 XH 400F 2    38 268,83 266,04 227 274 119 120 135 16 -
   40 XH 400F 2    40 282,98 280,19 241 288 119 120 135 16 -
   46 XH  400    46 325,42 322,63 283 - 119 140 135 16 -
   48 XH  400    48 339,57 336,78 297 - 119 140 135 16 19
   58 XH  400    58 410,32 407,53 368 - 119 140 135 16 19
   60 XH  400    60 424,47 421,68 382 - 119 140 135 16 19
   70 XH  400    70 495,21 492,42 453 - 119 140 135 16 19
   72 XH  400    72 509,36 506,57 467 - 119 140 135 16 19
   78 XH  400    78 551,81 549,02 510 - 119 140 135 16 19
   80 XH  400    80 565,95 563,16 524 - 119 140 135 16 19
   82 XH  400    82 580,10 577,31 538 - 119 140 135 16 19
   84 XH  400    84 594,25 591,46 552 - 119 160 135 16 19
   94 XH  400    94 665,00 662,21 623 - 119 160 135 16 19
   96 XH  400    96 679,15 676,36 637 - 119 160 135 16 19
  118 XH  400   118 834,78 831,99 792 - 119 160 135 16 19













































PD ... XXH 300
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   18 XXH 300F 1    18 181,91 178,86 - 186 94 150 110 16 -
   19 XXH 300F 1    19 192,02 188,97 - 200 94 150 110 16 -
   20 XXH 300F 1    20 202,13 199,08 - 209 94 150 110 16 -
   21 XXH 300F 1    21 212,23 209,18 - 216 94 150 110 16 -
   22 XXH 300F 1    22 222,34 219,29 - 232 94 150 110 16 -
   24 XXH 300F 1    24 242,55 239,50 - 261 94 150 110 16 -
   25 XXH  300 3    25 252,66 249,61 196 - 94 150 110 16 -
   26 XXH  300 3    26 262,76 259,71 207 - 94 150 110 16 -
   27 XXH  300 3    27 272,87 269,82 216 - 94 150 110 16 -
   30 XXH  300 3    30 303,19 300,14 247 - 94 170 110 16 -
   34 XXH  300 4    34 343,62 340,57 287 - 94 170 110 16 19
   40 XXH  300 4    40 404,25 401,20 348 - 94 170 110 16 19
   48 XXH  300 5    48 485,10 482,05 429 - 94 180 120 26 19
   60 XXH  300 5    60 606,38 603,33 547 - 94 180 120 26 19
   72 XXH  300 5    72 727,66 724,61 668 - 94 180 120 26 19















PD ... XXH 200
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   18 XXH 200F 1    18 181,91 178,86 - 186 67 150 100 33 -
   19 XXH 200F 1    19 192,02 188,97 - 200 67 150 100 33 -
   20 XXH 200F 1    20 202,13 199,08 - 209 67 150 100 33 -
   21 XXH 200F 1    21 212,23 209,18 - 216 67 150 100 33 -
   22 XXH 200F 1    22 222,34 219,29 - 232 67 150 100 33 -
   24 XXH 200F 1    24 242,55 239,50 - 261 67 150 100 33 -
   25 XXH  200 3    25 252,66 249,61 196 - 67 150 100 33 -
   26 XXH  200 3    26 262,76 259,71 207 - 67 150 100 33 -
   27 XXH  200 3    27 272,87 269,82 216 - 67 150 100 33 -
   30 XXH  200 3    30 303,19 300,14 247 - 67 170 100 33 -
   34 XXH  200 4    34 343,62 340,57 287 - 67 170 100 33 19
   40 XXH  200 4    40 404,25 401,20 348 - 67 170 100 33 19
   48 XXH  200 5    48 485,10 482,05 429 - 67 180 120 53 19
   60 XXH  200 5    60 606,38 603,33 547 - 67 180 120 53 19
   72 XXH  200 5    72 727,66 724,61 668 - 67 180 120 53 19














































PD ... XXH 400
Código Tipo Nº R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   18 XXH 400F 1    18 181,91 178,86 - 186 121 150 140 19 -
   19 XXH 400F 1    19 192,02 188,97 - 200 121 150 140 19 -
   20 XXH 400F 1    20 202,13 199,08 - 209 121 150 140 19 -
   21 XXH 400F 1    21 212,23 209,18 - 216 121 150 140 19 -
   22 XXH 400F 1    22 222,34 219,29 - 232 121 150 140 19 -
   24 XXH 400F 1    24 242,55 239,50 - 261 121 150 140 19 -
   25 XXH  400 7    25 252,66 249,61 196 - 121 150 140 19 -
   26 XXH  400 3    26 262,76 259,71 207 - 121 170 140 19 -
   27 XXH  400 3    27 272,87 269,82 216 - 121 170 140 19 -
   30 XXH  400 3    30 303,19 300,14 247 - 121 170 140 19 -
   34 XXH  400 4    34 343,62 340,57 287 - 121 180 140 19 19
   40 XXH  400 4    40 404,25 401,20 348 - 121 180 140 19 19
   48 XXH  400 5    48 485,10 482,05 429 - 121 180 140 19 19
   60 XXH  400 5    60 606,38 603,33 547 - 121 220 140 19 19
   72 XXH  400 5    72 727,66 724,61 668 - 121 220 140 19 19
   90 XXH  400 5    90 909,57 906,52 850 - 121 220 140 19 19
PD ... XXH 500
Código Tipo R S U e W H Y Z d Valona Material
dientes Ø (mm) Ø (mm) Ø (mm) Ø (mm) (mm) Ø (mm) (mm) (mm) Ø (mm)
   18 XXH 500F 1    18 181,91 178,86 - 186 148 150 168 20 -
   19 XXH 500F 1    19 192,02 188,97 - 200 148 150 168 20 -
   20 XXH 500F 1    20 202,13 199,08 - 209 148 150 168 20 -
   21  XXH 500F 1    21 212,23 209,18 - 216 148 150 168 20 -
   22 XXH 500F 1    22 222,34 219,29 - 232 148 150 168 20 -
   24 XXH 500F 1    24 242,55 239,50 - 261 148 170 168 20 -
   25 XXH  500 3    25 252,66 249,61 196 - 148 170 168 20 -
   26 XXH  500 3    26 262,76 259,71 207 - 148 170 168 20 -
   27 XXH  500 3    27 272,87 269,82 216 - 148 180 168 20 -
   30 XXH  500 3    30 303,19 300,14 247 - 148 180 168 20 -
   34 XXH  500 4    34 343,62 340,57 287 - 148 180 168 20 19
   40 XXH  500 4    40 404,25 401,20 348 - 148 180 168 20 19
   48 XXH  500 5    48 485,10 482,05 429 - 148 220 168 20 19
   60 XXH  500 5    60 606,38 603,33 547 - 148 220 168 20 19
   72 XXH  500 5    72 727,66 724,61 668 - 148 220 168 20 19

































Control System Positive PWM control 1500 usec Neutral
Operation Voltage Range 4.8V ~ 6.0V
Operation Temperature Range -20C°~ +60C°
Test Voltage: At 4.8V At 6.0V
Standing Torque 9.2kg.cm 11kg.cm
Speed 0.25 sec / 60 deg at no load 0.23 sec / 60 deg at no load
Idle Current 250mA at stopped 300mA at stopped
Running Current 2000mA at no load 2200mA at no load
Dead band width 8 usec 8 usec
Circle 10000 times
Operation Travel 60°±10°
Direction Re-clock wise/ Pulse Travel 1500 to 1900 usec
Diver type FET drive
Motor Type Carbon Brush
Potentiometer Type Indirect drive
Amplifier Type Analog Control
Dimensions 40.8*20.1*38.0 mm
Weight: 55g without splined horn
Ball Bearing Double ball bearing
Gear Material Metal gear
Case Material Nylon plus fiber
Connector Wire Length 300mm
Connector Wire Gauge 22AWG heavy duty（JR Universal）
Wire Info (Brown) Negative
Wire Info (Red) Positive
Wire Info (Orange) S Single
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